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HP/ protease inhibitors useful for the treatment of aids. 

r" 

rs 

fS® Compounds of the form 
C9A-G-B-8-J 

^wherein A is an amine protecting group commonly employed in peptide synthesis, G a dipeptJde isostere, B an 
O amino acid or analog thereof, and J a smaH terminal group are described. These compounds are useful in the 
^inhibition of HIV protease, th prevention or treatment of infection by HIV and the treatment of AIDS, either as 
Uj compounds, pharmaceuticaily acceptabl salts, pharmaceutical composition ingredients, whether or not in 

combination with other antiviraJs, immunomodulators, antibiotics or vaccines. Methods of treating AIDS and 

methods of preventing or treating infection by HIV are also described. 
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HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 



Th present invention is concerned with compounds which inhibit the protease encoded by human 
immunodeficiency virus (HIV) or pharmaceuticaliy acceptable salts thereof and are of value in the 
prevention of infection by HIV, the treatment of infection by HIV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS). It also relates to pharmaceutical compositions containing the com- 
5 pounds and to a method of use of the present compounds and other agents for the treatment of AIDS & 
viral infection by HIV. 

BACKGROUND OF THE INVENTION 

70 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency syn- 
drome: AIDS) and degeneration of the central and peripheral nervous system. This virus was previously 
known as LAV, HTLV-lll, or ARV. A common feature of retrovirus replication is the extensive post- 
75 trans lational processing of precursor polyproteins by a vtrally encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this processing appears to prevent the 
production of normally infectious virus. For example, Crawford, S. et aL J- Virol.. 53, 899, 1985, 
demonstrated that genetic deletion mutations of the protease in murine leukemia virus which prevent 
processing of precursor structural proteins results in non-infectious viral particles. Unprocessed structural 
20 proteins also have been observed in clones of non-infectious HIV strains isolated from human patients. 
These results suggest that inhibition of the HIV protease represents a viable method for the treatment of 
AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a pot gene in one open reading frame [Ratner, L. 
et al.. Nature, 313, 277(1985)}. Amino acid sequence homology provides evidence that the pol sequence 
25 encodes reverselranscriptase, an endonuclease and an HIV protease [Ton, H. et al., EMBO J. 4, 1267 
(1985); Power. M.D. et aU Science, 231, 1567 (1986); Pearl, LH. et aL, Nature 329. 351 (1987)]. Applicants 
demonstrate that the compounds of this invention are inhibitors of HIV protease. 



30 BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful in the inhibition 
of HIV protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, pharmaceuticaliy acceptable salts, pharmaceutical composition ingredients, 
35 whether or not in combination with other antivirals, immunornodutators, antibiotics or vaccines. Methods of 
treating AIDS, methods of preventing infection by HIV, and methods of treating infection by HIV are also 
disclosed. 
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ftjtBBTTVTATIONS 



npgjgnation Amino Acid /Residue 

> D- or L-alanine 

Allo-Ile allo-isoleucine 

A r g D- or L-arginine 

Cal (Cha) D-cycloheacylalanine 

Cys D- or L-cysteine 

Gly glycine 

Hi S D- or L-histidine 

He L-isoleucine 

Leu D- or L-leucine 

Lvs D- ° r L-lysine 
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noptgnat ion 

Met 
Hie 
Nva 



AffiilK? Acid /Residue 
D- or L-methionine 
L-nor leucine 
L-norvaline 



10 



t5 



as 



30 



35 



40 



45 



Orn 

Ph 

Phe 

Pro 

Sar 

Ser 

Sta 



Thr 
Trp 
Tyr 
Val 



BOC (Boc) 
BOM 

CBZ (Cbz) 

DNP 
INOC 
IPOC 
OMe 



D- or L-orni thine 
phenyl 

D- or L-phenylalanine 

D- or L-proline 

sarcosine (N-methylglycine) 

D- or L-serine 

statine, (3S , 4S)-4-amino-3- 

hyd r oxy-6-met hy lhep t ano i c 

acid 

D- or L-threonine 
D- or L-tryptophan 
D- or L-tyrosine 
L-valine 

Protecting Group 

t-butyloxycarbonyl 
benzyloxymethyl 
benzyloxycarbonyl ( car bo- 
benzoxy) 

2 1 4-dinitrophenyl 
i sonicot i noy loxycar bony 1 
isopropoxycarbonyl 
methyl ether (methoxy), 
except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 



50 



55 
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OEt 



ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 



JO 



IS 



20 



25 



resignation 

HBT(HOBT) 

OMs 



DCCI (DCC) 
DPPA 



(B0C) 2 0 
DEAD 
TEA 
TFA 



Actuating Group 
l-hydroxybenzotriazole hydrate 
methane sulfonyloxy 

Condensing A?ent 

dicyclohexylcarbodiimide 

diphenylphosphoryla2ide 

Reagent 

di-£.-butyl di carbonate 

diethyl azodi car boxy late 

triethylamine 

trif luoxoacetic acid 



30 



BOP reagent 



35 

BOP-C1 

40 

DSO 
EDC 



MCFBA 
so TBDMS 



Coupling Reagents 
benzotriazol-l-yloxytris- 
(dimethyl-amino)phos- 
phonium hexaf luoro- 
phosphate 

b i s ( 2-oxo-3-oxa201 i d iny 1 ) 
phosphinic chloride 
N , W • -disuccinimidyl 
oxalate 

l-ethyl-3-(3-dimethyl- 

aminopropyl) carbodiimide 

hydrochloride 

m-Chlo roper benzoic acid 

t -Butyl-dimethyls ilyl 



55 DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

This invention is concerned with th use of compounds of formula l t combinations thereof, or 
pharmaceutically acceptabl salts thereof, in the inhibition of HIV protease, the prevention or tr atment of 
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infection by HIV and in the treatment of the resulting acquired immune defici ncy syndrome (AIDS). 
Compounds of formula I are defined as follows: 
A-G-8-B-J I, 
wherein A is: 

s 1)trityl, * # 

2) hydrogen; 
3) 

f 

R - C ~ wherein R 1 is 
w a) hydrogen, 

b) alkyl, substituted with one or more halogens adjacent to the carbonyl carbon where halogen 
is F. CI, Br, and I; 

4) phthaloyl wherein the aromatic ring is unsubstituted or substituted with one or more of 
is a) C1.4 alkyl 

b) halo, 

c) hydroxy, 

d) nitro, 

e) C1.3 alkoxy, 

20 f) d-3 alkoxycarbonyl, 

g) cyano, 
h) 

O 
11 

- C -NR2 wherein R is H or C^ alkyl; 



25 



30 



5) 



R 3 0 
7 1 ft 
rZ-C-O-C- 



wherein R^R 3 , and R 4 are independently 
35 3) H, 

b) Ci* alkyl unsubstituted or substituted with one or more of 

t) halo, 

il) alkyl SOa-, 

iii) aryl SO2-, n 

40 c) Aryl unsubstituted or substituted with one or more of 

i) C1.4 alkyl, 

ii) C14 aikoxy, 

iii) halo, 

iv) nitro, 
45 v) acetoxy, 

vi) dimethytaminocarbonyt, 

vii) phenyl, 

viit) C t , 3 alkoxycarbonyl 
d) fluorenyl, 

so «) H 2 . R 3 . and R* may be independently joined to form a monocyclic bicyclic, or tricyclic ring 

system which is C3.™ cydoalkyl and may be substituted with Ci-« alkyl, 

f) a 5-7 membered heterocycle such as pyridyl, furyl, or benzisoxazolyl; 

6) 

55 
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0 



TO 



wherein R 5 and R 6 are 

a) Ci^ aikyl. 

b) aryl, 

c) R 5 and R 6 are joined to form a 5-7 membered heterocycle; 



7) 



o 
ii 



R 7 -S02NH- C - wherein R 7 is aryl unsubstituted or substituted with one or more of 
J5 a)d^alkyl, 

b) halo, 

c) nitro, 

d) Cv 3 alkoxy; 



20 



8) 



R 8 -S- 

3 

(0) 



m 



0y- 



t2f 



25 



30 



wherein m is 0-2 and R 8 is 

a) R 7 as defined above, 

b) trityi; 



9) 

X 
a 



(R 7 h P - wherein X is O. S or NH, and R 7 is defined above; 



35 



40 



Gis 



H 2 H R 12 

-0 « 



R fl »» 



wherein Z is O, S. or HH and 
45 R 9 is independently 
1) hydrogen, 
2) 



V- 



uo 



so 



55 



3) -OR. wh rein R is H. or Ci-4 alkyl 

4) -NR 2 . 
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5) Chalky lene -R n ; 
wherein n is 0-5 and FV° is independently 
a) hydrogen, 
. b) hydroxy, or ^ 
5 c) d-<alkyi; 

R" is 

a) hydrogen, 

b) aryl, unsubstrtuted or substituted with one or more of i) halo, 
ii) hydroxy, 

to iii) -NH 2t -N0 2 , -NHR. or -NR 2 , wherein R is H, or alkyi, 

iv) Ci^ aikyi, 

v) Ci-3 alkoxy. 

vi) -COOR 
vii) 

IS 

-C NR2, 
viii) -CH 2 NR 2t 
ix) 

O 
II 

20 -CH 2 NHC a 

x) -CN, 

xi) -CF 3 . 
xii) 

O 
II 

25 -nh c a 

xiii) aryl Ci. 3 aikoxy or aryl alkyl, 

xiv) aryl, 

xv> -NRSC^a 

xvi) -0P(0)(0Rx) 2 wherein R K is H or aryl, or 
30 xvii) 

O 
■ H 

-O- C -Ci^alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, O, and S, such as 
imidazolyl, thiazolyl, ptperidinyl, furarryl, oxazotyl, thiadiazolyl, ptperazinyl, pyridyf, or pyrazinyl, any of which 

35 heterocycle may be unsubstrtuted or substituted with one or more of 

r) halo, 

ii) hydroxy, 

i«) -NH2. -NHR, -NR 2 ; 

iv) C w alkyl, 
40 v) C1.3 alkoxy, 

vi) -COOR, 

vii) 
O 

-CNRa, 
45 viii) -CTfeNFfe, 

* o 

II 

-nh ca 

x) -CN, 
so xi) CF3, 

xii) -NHSCfcR. 

xiii) -0P(0M0R,j2 wherein R* is H or aryl, or 
xiv) 

O . 
H 

55 -O- C -Ci^alkyl substituted with one or more of amine or quaternary amine; 

d) C14 alkyl or C 14 alkenyf unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C-4 alkyi, 
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iii) -NH 2f -NHR, -NR 2 , 
iv) 

NH 

u 

-NH«CH , 
s v) 

NH , 

-NH-C- NH 2 . 
vi) -COOH. 
vii) 
10 O 

- & OR, 

viii) -SR, or aryl thio, 

ix) -SO2NHR7 

x) d.4 alkyl sulfonyl amino or aryl sulfonyt amino, 
75 xi) -CONHR, 

xii) 

O 

U 

-NH C R. 
xiii) -OR, 
20 xiv) aryl C1.3 alkoxy, or. 
xv) aryl; 

e) C3.7 cydoaikyl unsubstituted or substituted with one or more of i) hydroxy, 

ii) d-« alkyl, 

iii) -NH2. -NHR, -NHR2, 

25 iv) 

NH 
II 

-NH-CH . 
v) 

NH 

30 -NH- & - NH 2( 
vi) -COOH, 
vii) 

-OR, 
35 v5i) -SR, 

ix) -SCbNHa, 

x) alkyl sulfonylamino or aryl sulfonylamino, 

xi) -CONHR, or 
xfi) -NH g R; 

40 f) a 5- to 7-membered carbocyclic or 7* to 10-membered btcycfic carbocycitc ring which is either 

saturated or unsaturated, such as cyclopentane. cyclohexane, indan. norbomane, or naphthalene, the 
carbocyclic ring being unsubstituted or substituted with one or more of 
0 halo. 

ii) -OR, wherein R is H or d-4 alkyl, 
45 iii) 

O 
tl 

- COR, 
iv) 

O 
II 

so -CNFfe. 

v) -CH 2 NR 2 , 

vi) -S0 2 NR 2 ; -S(0)yR and y = 0. 1 or 2; 

vii) -NR2, 
viii) 

O 
B 

-nh ca 

ix) alkyl, 

x) phenyl, 
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xi) -CF 3 . or 

xii> 
R 
I 

- N-S0 2 R; 

5 g) benzofuryl, indoiyl; azabicVcio C 7 ., t cycloalkyl; or benzopiperidinyl; 

R' 2 is -OH or -NHR 13 . wherein R 13 is -H, 
O 
11 

- CH. -d.4-alk.yl, or -COOR; and 
<B> is 

ro 1) C3.7 cycloalkyl either unsubstituted or substituted with one or more of 

a) alkyl, 

b) hydroxy, 

c) -NR 2 . 

d) -COOR. 
75 e) -CONHR. 

O-NHSO2R. 
9) 

O 

-NH C R, 
20 h) aryl, 

i) aryi substituted with d^alkyl. 
j) heterocycie, or 

k) heterocycie substituted with d^alkyl; 

25 2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy, 

b) -OR. 

c) -NHR 13 , 

d) -COOR, 
30 Q e) 

- C NR 2l or. O 

f) -NH CR; 

35 3) 5 to 7-membered heterocycie such as imidazoryl, thiazolyl, furyl, oxazoiyl, piperidyl, piperazinyi, 

pyridyl, or pyrazinyl, any of which heterocycie may be unsubstituted or substituted with one or more of 

i) halo. 

ii) hydroxy, 
fii) NR2, or. 

40 rv) d-< alkyl; 

Q is 



45 , H ** 

H ' 2 • X 



50 



OH NHR" ^,3 ^ QH » 



wherein R 9 and R 13 are defined above; 

X is O, S or NH; and 

Wis 

1)OH. 

55 2) NH 2 . 

3) OR. or 
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4) NHR; 
B is. independently, absent or 



-NH Z; 

V 



TO 

J is 

1) YR'* wherein: 

YisOorNH.and. *<^f ^ ^ M C^X, 



R' 1 is ^ K ^ 



b) Ct-e alkyl. unsubsfituted or substituted with one or more of C~ jj'^'^i 



i) -NR 2l 

iii) -NHSCbC^ alkyl, r<5K ^ 
20 iv) -NHSO2 aryl, or -NHS02(dialky1aminoaryI) t 

v) -CH2OR, 

vi) -C^alkyl, 
vii) 

O 

25 -COR. 

viii) 

O 
11 

- CNR 2 , 



30 



35 



40 



XX) -N3^NR 2 ;f-NH^^NR 2 y 

0* n cn 
I* 

x) -NHCR. 
xi ) -NSO2CH3 . 

xi i ) -NH^Ox^ Ph , 
0 



xiii) -NR3« Ae wherein Ae is a counterion, 
45 xiv) -NR 15 R ,G wherein R 1S and R 1 * are the same or different and are Cs aikyl joined together directly to 
form a 5-7 membered heterocycle, 

xv) aryl. 

xvi) -CHO. 

xvii) -OP(0)(ORx)2 wherein R x is H or aryl, or 
50 5tvit) 

O 

-O- C -d^aikyl substituted with one or more of amine or quaternary amine; 
c) -<CH 2 CH 2 0)„CH 3 or -(CH 2 CH 2 0)„ H; 

55 2) tw*h: or 

3) -NR t5 R 16 wh rein R 15 and R 16 are defined above; 
4) 
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wherein: 

Y, R 1 * and n are defined above, and 
w R 17 is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or C1-4 aikyl, 

is Ki) 
O 
It 

- COR, 
rv) 

O 
I! 

20 - C NR 2 , 

v) -CH2NR2, 

vi) -S0 2 NR 2 , 

vii) -NR* 
viii) 

O 

25 „ 

-NH CR, 
xi) Ci^ aikyl. 
x) phenyl 
xD-CF 3 . 

30 XU) 

xiii) -d^ aikyl -NR 2 , 

xiv) -OP(0)(ORx)2 wherein R x is H or aryl, or 
35 xv) 

o 

8 

-O- C -C^alkyl substituted with one or more of amine or quaternary amine; 

c) Heterocycle as defined below, unsubstituted or substituted with one or more of 
i) halo, ^ 

40 5) -OR, wherein R is H f d^aikyf, or C^kenyl, 

ni) 
O 
fl 

-COR, 
rv) 

« ? 

- CNR 2 , 

v) -CH 2 NR 2 , 

vi) -S02NR2, 

vii) -NR 2 , 
so viii) 

9 

-NH CR, 
») Ci^ aikyl, 
x) phenyl 
55 xi)-CF 3 . 
xri) 
R 

- N-S0 2 R. 
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xiii) phenyl alkyl, 

xiv) -OP(0)(ORxte wh r in R x is H or aryl, or 

s -O- C -Ci^aikyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered* carbocyclic or 7-10 membered bicyclic carbocyclic ring which is either 
saturated or unsaturated, such as cyclopentane, . cyclohexane. indan. norbornane, or naphthalane, the 
carbocyclic ring being unsubstituted or substituted with one or more of 
i) halo, 

w ii) -OR, wherein R is H or C 1<4 alkyl, 

iii) 
O 
It 

- COR, 
iv)-CNR 2l 

75 O 

V) -CH2NR2 

vi) -S02NR 2f 
vu) -NR 2 . 
vui) 

s 

-NH CR, 
xi) Ci^ alkyl, 

x) phenyl 

xi) -CFa. 

25 Xfi) 
R 

- li -SO2R, 

xili) -OP(0)(OR x ) 2 wherein R x is H or aryl, or 
xiv) 

O 



30 



-O- C -Chalky! substituted with one or more of amine or quaternary amine; 
or pharmaceuticalty acceptable salts thereof. 



3$ In the compounds of the present invention, the A, G, B and J components and the like may have 
asymmetric centers and occur as racemates, racemic mixtures and as individual diastereomers, with all 
. isomeric forms being included in the present invention. 

When any variable (e.g„ aryl, heterocycle. R. R\ R? f R 3 , R\ R 7 , R ,c . R", R 12 , R 1 \ R ,s . R ,6 » R 17 . Ae, n, 
Z, etc.) occurs more than one time in any constituent or in formula I, its definition on each occurrence is 

40 independent of Ms definition at every other occurrence. Also, combinations of substituertts and/or variables 
are permissible only if such combinations result in stable compounds. 

As used herein except where noted, "alkyl" is intended to include both branched- and straight-chain 
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl. Bu is butyl); "aikoxy" represents an alkyl group of indicated number of carbon atoms 

45 attached through an oxygen bridge; and "cydoaikyl" is intended to include saturated ring groups, such as 
cyctopropyl, cyciobutyl. cyclopentyl. cyctohexyl (Cyh) and cycioheptyi. "AikenyP Is intended to include 
hydrocarbon claims of either a straight or branched configuration and one or more unsaturated carbon- 
carbon bonds which may occur in any stable point along the chain, such as ethenyl. properryl, butenyl, 
pentenyl, and the like. "Halo", as used herein, means fluoro, chloro. bromo and iodo; and "counterion" is 

so used to represent a small, single negatively-charged species, such as chloride, bromide, hydroxide, acetate, 
trifluoroacetate, perchtorate, nitrate, benzoate, maieate, tartrate, hemitartrate. benzene sulfonate, and the 
like. 

As used herein, with exceptions as noted, "aryl* is intended to mean phenyl (Ph) or naphthyl. 
"Carbocyclic" is intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bicyclic 
55 carbon ring, any of which may be saturated or partially unsaturated. 

Th term h terocycle, as used herein except where noted, represents a stable 5- to 7-membered mono- 
or bicyclic or stable 7- to 10-membered bicyclic heterocyclic ring which is either saturated or unsaturated, 
and which consists of carbon atoms and from one to three heteroatoms selected from the group consisting 
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f N ( O and S, and wti rem the nitrogen and sulfur net roat ms may ptionaJly be oxidiz d. and th 
nitrogen h teroatom may optionally be quatemized, and including any bicycllc group in which any of the 
above-defined heterocyclic rings is fused to a benzene ring. The heterocyclic ring may be attached at any 
heteroatom or carbon atom which results in the creation of a stable structure. Example of such heterocyclic 
elements include piperidinyl, pipefazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl r 2-oxopyrroiodinyl, 2-ox- 
oazepinyf, azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazoiyl. imidazolinyl, 
imidazoltdinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazotyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, thiazolyi, thiazolidinyl, isothiazolyl, quinuclidinyi, isothiazolidinyl, indolyl, quinolinyl, 
isoquinolinyl, benzimidazolyl, thiadtazolyl, benzopyranyl, benzothiazolyl, benzoxazolyl, fury I, tetrahydrofuryl. 
tetrahydropyranyl, thienyl, benzothienyi, thiamorpholinyl, thiamorphofinyl sulfoxide, thiamorpholinyl sulfone, 
and oxadiazolyl. 

One embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is independently present twice and Z is 0. In this embodiment* it is preferred that J is 
NH 2 and Q is 

R 9 

H " | X H 

i i i 

OH W OH 



A second embodiment of the compounds of the present invention consists of those compounds of 

Formula I in which B is present once and Z is 0. In this embodiment, it is preferred that Q is 

R' ' 

H | X H 

c ^ p ^ c 

I • I I 

OH W OH 



A third embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is absent In this embodiment it is preferred that Q is 

H | X H 

i i i 

OH W oh 



■c 



A fourth embodiment of the compounds of the present invention encompasses those compounds of 
Formula l in which G is 

OH R 9 NH 2 R 9 

-NHv^^A^ or -NH^Jx^A^ 
R 9 O R 9 O 

A fifth embodiment of the compounds fo the present invention encompasses those compounds of 
Formula I in which Q is 
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OH R 9 NH* R 

-NH^-k^-k^ o r -NH 

p 9 O 
* 



9 




and B is absent or present once. 

A sixth embodiment of the compounds of the present invention encompasses those compounds of 
ro Formula l in which G is 



OH R 



NH 2 R S 



-NH- 



»s 




or -NH 




20 



B is absent or present once, and 



J is 



25 



O- 7 

-NH !-C-- 

,1* 



1 



A seventh embodiment of the compounds of the present invention encompasses those compounds of 
30 Formula I in which 



A IS 



R 2 — C-O — 



35 



40 



45 



OH F' NH 2 R s 

C is -^vAAw or -NH-y^X^ 
R 9 O R B O 



B is absent or present once, and 



so 



J is -NE- 



ss 



•C--I-R 



17 



Preferred compounds of the present invention are compounds I, II, III, IV. V, VI, and VII as follows: 
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Compound I : 




M • - ( 1 , 1-d iaethy lethoxycarbonyl )-5 ( S )-amino-4( S ) - 
hyrdroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl- 

phenylalanylamide ; 
Compound II: 




N-Benzyl-N'-Cia-dimethylethoxycarbonyD-SCS^-amino-^CS)- 
hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl^amide t 
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Compound III: 



5. 




N-ben2vl-N'-(l,l-dimethylethoxycarbonyl)-5(S)-amino- 
4(S)-hvdroxy-6-phenyl-2(R)-(phenylmethyl)^hexanoic 

carboxamide . 
Compound IV: 



25 



30 



35 




N , -(l t l-dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6-cyclohexyl^2(R)-(phenylmethyl)hexanoyl- 
leucyl-phenylalanylamide : 
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Compound V: 




N f -(1, l-dimethyleth03cycarbonyl)-5(S)-amino-4(S)- 
hydroxy-b-phenyl-2(R)-(phenylmethyl)hexanoyl-leticyl 
phenylalanine methyl ester; 

Compound VI : 




N'~(l, l-dimethylethoxycarbonyl)-5(S)-amino-4(S>- 
hyd r oxy- 6-pheny 1-2 (R) - ( pheny Ime thy 1 ) hexanoy 1- 
i s o 1 eucy lam i d e : and 
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Compound VII: 




N-(2-<methanesulfonylamino)ethyl)-N , -(l f 1-dimethyl- 
ethoxycarbonyl)-5(S)-amino-4(S)-hydro3cy^6-phenyl-2(R)- 

(phenylmethyl) hexanoyl-leucylamide . 

Other compounds of the invention include, but are not limited to: N'-(1,1-Dimethylethoxycarbonyl)-5( 
amirx>^S)*ydroxy*pheny1-2(R)^henylmethyO 
N-8enzy1-N'(1 J-Oimethytethoxyc^^ 
leucyhamide, 

5<SH(1>DimemylethoxycaitKDnyl)-amin^ 

N'^1,1-DimethyletrK)xycartxjnyO 

phenylaianylamide, 

5(SH(1.1rDimethytethoxycaibonyl>amto Leu-<4-l-Phe>- 
amide, 

5(SH(Pnenylmethyloxycarbony|^ Leu-Phe-amide, 
5{SH(1 .1 <Hmethy!ethoxycartxDnyOamino}^ Leu-Phe-amide, 
3^1(S)-Ber^loxycartx)nylamino-2-phenylethyl phospWny1K(S^Hpheny1methy1)propanoyl4.-Leu-Phe- 
amide, 

rHH(Ber^loxycarbonyl)amir^^ 
(RHphenylmethyi)hexanoyH-eu-amtde, 
N'^1,1-Oimethylethoxycartxmyl^ 
phenylalanine methyl ester, 

5(SH(1 .l^rrathytethoxycarbor^^ Leucine- 
Phenylaianine amide, 

5(SH(1.1^methyletho^ 
amide, 

5(SH(1 .l^niemylettraxycan^octylhamino]^ 
hydroxy-1 (S)-(pheny tmethyl)ethyl-Leu amide, 

5(SH(1 ,1-<Smetrry1emoxycartK)fiyl)-amto amide, 
I^2HMetr^r^suifonylamino)ethy1>N'-<1 f 1 -dimeftytethoxycarto^ 
(phenylmethyOhexanoyMeucylamide, 

5(SH(1 ,l^imethylethoxy<*rt)onyl)-^ amide, 

5(SH(1.1-Dimethytethoxycarb^ 

hexanoyl-Leu-Phe amide, 

5(SH0 .1 -CKmethy lethoxycarbony rhaminoH<S)^ydroxy^henyi-2(RHphenyimethyl)hex^oy Wle-Val- 
amide, 

5(SH(1 ,1-Dimethylettoxycartbon 
Leu-Phe amide, 

5{SH(1.l-Oimethyl trwxycarbonyl)-aminoH<S)-hydroxy-6-ph nyl-2(RHrnetr^l)hexanoyl-Ljeu-Phe-arnide, 
5(SH(1.l^»™thyletrioxyc3f^ 
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hydroxy-1(S)-phenylethyi)Leu amide, 

5(SH(1.1 -Dimethyl thoxycartxanyl)-amino]^S>^ydrox^ 

acetamidoethyQLeu amide, 

5(SH(1.^i^t^iethoxyc^bonyl)-amino]-4(S)-hydroxy-6-phenyl-2(R)-<3 phenyl-prop-2 -en-1 -yl)-l ucine- 

phenylalanine-amide, 9 

5(SH0.1^iniethylethoxycarbonyl^^ 

hydroxyethyl)Leu amide. 

5(SH0.1-Oimethyiethoxycartx5ny!)-am^ 

benzylamide. 

5(SH(1 J -Oimethylethoxycarbony !)aminoH{S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-phenylglycine 
amide, 

4 (SH( 1 » 1 -Oimethylethoxycarbony l)amino}-3(S)-hydroxy-6-methylheptanoyl-gJutamyl-pheny lalanine amide, 

5(SH0.1-Oimethylethoxycartx)nyl)amino 

dimethylaminopropylHie-amide, 

5(SH0.1^imethylethoxycarbonyI)amta^ 

phenylalanine amide, 

5(SH(1 J-Oimethylethoxyc^it>onyl)aminoH<^^ valine amide, 

5(SH0 .1 -Oimethylethoxycartx3nyl)amiiK>}^SV^^ 
benzyl ester, 

5(SH0 A -Oime%lethoxyc^bonyl)amino}^S)-hydroxy-6-ph 
N-benzyl amide, 

5(SH(1.1^innethylethoxycarrx>nyl)am 
amide, 

5(SH0 .1 -DimethylethoxycanbonyI)aminoH<S)-hydroxy-2(R),6-dipheny Ihexanoy Keu-Phe amide, 
5(SH0 .1 -OimethylethoxycanbonyOamino H{S>-hydroxy-6-phenyi-2(RHphenylmethyl)hexanoyl-N-{2- 
dimethylamino ethylene amide, 

5{SH(1 .1 -Oime%letrioxycarbonyl)amino]-4{S>-hydroxy -6-phenyl-2(R)-(phenylmethyl)hexanoyl-N-{2- 

pyridylmethyOlle amide, 

5(SH( 1 .1 -Oime%lethaxyc^bonyl)amino 

benzylamide, 

5(SH(1.1^»methyletrK)xycarbonyl)am^ 
amide, 

N^Methyl-5-amino-5KJeoxy-2,3,^ 
hydroxy-6-phenyt-2(R)(pheny imethy l)-nexanoy1 lie amide, 
5{SH(1.1-0ime%letrK)xycaitx>nyl)^ 
neopentylgiycine amide, 

N-(2(S,R)-Hydroxy-1 (R.SHndanyl)-5<SH1 .1 -dimethy lethoxycarbonylaminoH{S)-hydroxy-6-pheny l-2(R>- 

phenylmethyfhexanamide, 

5(SH1 .1 -Oime%lethoxycanbony lamino)-4(S^^ 

phenylalanine amide, 

5(SH1 .1 -WmethyiethoxycarbonylaminoH{S)-hydroxy-6-pheny l-2(RHptenylmethyl)hexanoyl-N-{4- 
dimethyf amino propyl)-Val amide, 

N-(Me%h^amirK)^eoxy-tf-0-r1bosyl)-5(SH1 .1 <iimethylethoxy<^orryiamino)^SH^^ 

(RHphenylmethyQhexanoyl-lle amide, 

5(SH(1 .1 -OimethytetrK)xycarbonyl)aminor^S)^ 

butyiglydne-benzyiamkie, 

5(SH(1 .l^inTethytethoxyca^ 

dihydroxy-propylHie amide, 

5{SH(1 .1-Dimethytethoxycarbonyl)amirK)>^ 

cyclohexylgtyane-amide, 

5(SH(1 .1-Oime%letrKwycsnbCKiyl)^ 'yOhexanoyl-N- 
(3-dimethyl amino propyl) valine amide, 

N«<1 .l-Dime%letrH^cart>cxiy^ '-y|) 
hexanoyHShJhenylglycyK2-hydroxyethyf)amide, 
5(SH1 r1 -Oimethylethoxycarbony lamiru>}^ 
(phenyfmethyl}-valine amide, 

N-(c»s-2(S,R)Hydroxy-1 (R.S>-indanyl)-5<S)-0 . 1 -oimethylethoxycarbony laminoHKS)-hydroxy-6-(4- 
benzylo)cyphenylmethyl>-2(RHphenylmethyl)h xanamide. 
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5<S)-<1,1-Dim thyl thoxycarbonyiamin H(S)-hydroxy-6-phenyi-2(RHphenylm thyi)-hexanoyi-N-[2- 
{imkjazol-^yl)-1-{hyclroxyn>ethyl>-propylhlle-amid , 
4<SH(1.1-D»msthy1ethoxycaitionyl)aminoh^ 

amid , , 

5(SH0.1-Dimethylethoxycarto^ "W) h xan °y* ~ 

(S)-phenylglycine amide, t 

5{SH(1.1-Dimethylemoxycarbonyl)aminoH<S^^ 

amide, 

5(SH1 ,1-DimethylemoxycartKxiylamta^ 
amide, 

N-(2(S or RHiydroxy-1,2.3.4-tetrahydro-1(R or S)-naphthyl)-5{SH1.1-<iimethylethoxycarbonylaminoH(Sh 
hydroxy-6-phenyl-2(R>-phenyimethyl hexanamide. 

N-(2(R or S)-hydroxy-1,2.3.4-tetrahydro-1(S or R)-naphthyl)-5(S)-(1.1-<iimethylethoxycarbonyiamino)-4{S)- 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide. 

N-<cis-2(S,R)-Hydroxy -1 (R,S)-indanyl)-5{SH1 .1 -dimethy lethoxycarbony(amino)-4{S)-hydroxy-6-{4- 

hydroxyphenyl)-2(R>-phenylmethylhexanamide f 

5(SH1 A ^inwthylethoxycartonyOa 

hydroxypropyl)-Vai-amide. 

N^ds-2(R)-HydroxyM{SHndanyl)-5{SH1.1^^ 

phenylmethyi-hexanamide, 

5(S)-0 .1 -0inwthylethoxycarbonyiamino)-4{S)-hydroxy-3(S or R>-hydroxy-6-pheny l-2(R)-phenyimethy1. 

hexanoyl-Leu-Phe-amide, t t 

5(SH1 .1-0imethylethoxycarbonylamino)^SHiydroxy^phenyl-2(RH3 -phenylprop-2-en-1 -yl)-hexanoyi-N- 

(2(R.S).3-dihydroxypropyi)phenytgiycine amide/ 

5(S)-t(1 , 1 -Dimethy !ethoxycarbonyl)aminoJ^S)^ydroxy^hen 

benzimidazolyi methyl)IIe amide 

5(SH1.1-0imethy»ethoxycarbonytamino)^S)-hydroxy-6-phenyl-2(RMphenyl 
lie amide, 

N-<Methyl-5-amino-5-deoxy-/3-D-ribosyl>5(SH1 A -dimethyiethoxycarbonyiamino)-4(S)-hydroxy-6-phenyl-2- 

(R)-phenylmethylhexanoyJ-Val amide, 

N^Methyl-Ssamino-Weoxy-^ 

hydroxy-€-phenyl-2(RHpheny*methyl)hexanoyl-Val amide, 
5<SH1 .1 -Dimethytethoxycaitonylamino^ 
methoxyethoxy)ethy(psoleucine amide, 

5(SH1 .1 -Diinethylethoxycartoony^ (R.SJ.3 - 

dihydroxypropyl)-phenytglycine amide, 
[4(SH1 .1 ^methy telhaxycartwny 
amide, 

5<SH0 .1 -Dirnethylethoxycarbcwyl)amino>^ 
imidazolyl)ethyl] vafine amide, 

N-(cls-2(R)-Hydroxy-1 (S)-indanyl)-5-<SH1 .1 ^imethyiethoxycarbonylaminoH(S)-hydroxy-^henyl-2(RH3 - 
phenytprop-2 -en-1 •yi)hexanamide, 

N-<1<R or S), 2(S or R)-Dihydroxy-3-<S or RHrxianylh5(SM1.1^methytethoxyca^ 
6^henyl-2(RHphenyimethyl)hexafiamide, 

N-I2(R>-Hydroxy-1 (SHndanyi>5<SH(1 .1 dimethy lemoxycarbonyl^ 
2(RHphenytmethyO hexanamide, 

5<SH(1.1-Dimethylethoxy<»rtx)n^ valine 
amide, 

N-{cis-2(R)-Hydroxy-1 (SHndanyl)^SH(1 .1^memylemoxycarbonyi)amin^ 

iodophenyl)methyl)hexanamide l 

5(SH0.1^methylethoxycaibony1)a^ 

pipendtnyl)ethyi)vaiine amide, 

5(SH(1 A -CHmethytethoxytsirt>onyi)amirro 

hydroxyethyI)vaJine amide, 

5(SH(1il-Dinwthylethoxycait)oiiyiyaminoK 

methoxyethoxy)-ethoxyJethyi)isoieucine amide, 

5{SH1 .1 dimethy lemoxycartx*iylamiro^ 

dim thylaminonaphthytsulfonamido)ethyiysoleucine amide, 
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5(SH1 . 1 -Dim thyl thoxycartx>nylaminoH<Shhydroxy-6-pheny l-2(RMphenylmethyl)hexanoyl-N-(3- 
diethylamino-2(R i S)-hydroxypropyl)valine amide. 

N-0(R or S), 2<S or R)-dihydroxy-3-(S or R)-indanyl)-5(SH1 J-dirnethyiethoxycarbonylamino>-4{S>hydroxy- 
fr^4'-hydroxyphenyl)-2(RHph nyimethyl)hexanamide, 

N-<cis-2(R)-Hydroxy-1 (S)-indanyl)-5(Sj-(1 .1 -dimethylethoxycarbonylamino)-4(S)-hydroxy-6-{3- 

dimethylaminomethyl-4-hydroxyphenyl)-2(R)-{phenylmethyl)hexanamide. 

5{SH0 >Dimethyiethoxycarbonyl^ 

benzimidazoylmethyl)valine amide, 

5(S)-[(1,1 -Dimethy lethoxycarbonyl)aminoh4<S)^ 

imidazol-4-y 4iydroxymethylethyl]valine amide. 

N-{cis-2(R)-Hydroxy-1 ($)-indanyl)-5<SH(1 ,lKJimethyiethoxycarbonyi)aminoH(S)-hydroxy-6-(2-naphthyI)-2- 
(Rh(phenyimethyi)hexanamide, 

5(SH( 1 . 1 -Dimethy iethoxycarbony l)amino}-4<S)-hydroxy-6-pheny l-2(R)-(pheny Imethy l)-hexanoyl-N-(4- 

dimethy!aminobenzyl)vaiine amide. 

5($H(1>Dimethy!ethoxycarbonyl)aminoM(S)^ 

benzimidazoiyimethyljphenylglycineamide. 

3tH1RH1.1-Dimethylemoxycarbonylaminoh2Kphenylethyl)pho or R)-phenylmethyl-N-(2(R)- 

hydroxy-1 -indanyl)propanamide. 

5(SK(1^-Dime%lethoxycarbony!)aminol-4(S)-hydroxy-6-phenyl-2(R)-{phenylmeW 
benzimidazoly I) valine amide, 

N-{2(R)-hydroxy-1(SHrKianyl)-5(SH(^py^^^ 
(phenyimethyl)hexanamide, 

r^(2{R)-hydroxy-1(SHndanyI)-N'-[(1-methylemoxycarbonyl)aminoh4{S)-hydro 

(phenyimethyl)hexanamide, 

5(SM1>Dimethylemoxycarbonylamino>^ 

dimethylaminopropyi)-valtne amide, 

N-(benzyl)-5(SHt .1 -dimethy letrraxycartxnylaminoM(S)-hydroxy^ 
valine thiomide. 

<R),2(S)-dihydroxy-3(SHn^ 
(3phenylprop-2en-yl)hexanamide f 
N^4(S)-ben2opyi^ylh5(SH1.1^irnethylethoxycarto 
hexanamide, 

N-[4<R,S)-benzopyranyl}-5(SH1 A <limethytethoxycarbonyiamino)-4(S)-hydroxy-6-phenyl-2(R>- 
(phenylmethyl)hexanoyf-vafine amide, 

^aIlyl-5-amino-5^eoxy-2,3^sopropylidene-^r>ribosyi)-5(SH1 ,1 -dimethylethoxycarbony lamino)-4(S)- 
hydroxy-6iDbenyl-2(RHphenylmethyl)hexanoyl-var!ne amide, 
5(SH<1.1^methyletho>cycarbonyl)am^ 
methyiaminoethyi)-valine amide, 

N-(cis-1 -hydroxy-cyclopent*2-en-3-yl)-5(S)-(1 . 1 -dimethylethoxycarbony laminoM(S)^ydroxy-6-pheny h2(R>- 

(phenylmethyi)hexanamide, 

5{SH(1 .1 ^methylethoxycartx>nyl)amino}^ 

5-isoxazofoyf-methyf)vaiine amide, 

N-(cis-2(R)-hydroxy-1 (SHndanyt)^(S>^nzyloxycarbonytarnino -4(SHiydroxy-6-phenyi-2(RHphenylmethy I)- 
hexanamide, 

^2^ydroxyemyl)-5(SH1.^methytethoxycarbonylamirioH^ 
isoleucyt-amide, 

5(SH1 .1 Kiime%letrtoxycartxOTyiamTO 
phenyl glycine amide, 

N-{ci$-2(R or S)-aminocarbonyM(S or RHndanylK(SH1.1^niethylethox^ 

phenyl-2{RHphenylmethyf)hexanamfde, 

^2{R)-hydroxy- 1 (SHndany IH(SH(1 . 1 ^im©thyiethoxy<a^ 

(RH^ydn^pherryimethyOhexanamide, 

N-<cis-2(R or S)-carboxy-1(S or RHndanyl)-5(SH1,lKitmethy{ethoxy<^^^ 
2(RHpnenylmethyl)riexanamide > 

N-<cis-2(R)-hydroxy-1 (S)-indanyl)-5-(1 ,1^imethylemoxycarbortyiamino>^SHiydro)cy^phenyh2(RH^ 
nitrophenyimethyl)hexanamid , 

5<SM1.1-dimethylethoxy<^borry1am^ nyl-2(RH4*nitropheny Imethy l)-h xan yl-N-(2- 

hydroxyethyl)-phenylglycine amid ( 
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N-(cis-2(R)-hydroxy-1 (SHndany!>-5(S)-(1 . 1 <limethylethoxycarbonylaminoH<S)-hydroxy-6-phenyl-2(R)-(4- 
aminophenylmethyl)-hexanamide, 

n'-<1 .1 Kiimethyletho><ycarbonylh5<S)-amin^ - 
morpholino)propyl)]-valin amide, 

N-(5-amino-5-deoxy-0-ribosyih5(SH1 . 1 -dimethylethoxycartx5nylamino)-4(S)-hydroxy-6-phenyl-2(R>- 
phenyimethyl-hexanoyl-valine amide, 

N-(5-amino-5-deoxy-2.3.0-isopropylidene-D-ribosyl)-5(SH1 .1 -di methylethoxycarbonyiamino)-4(S)-hydroxy-6- 

phenyl-2(RMphenylmethyl)hexanoyl-valine amide t 

5(SH(1 . 1 ^imethylethoxycarbonyl)amiro^ 

pyridylmethyl)valine amide. 

5<SH0 ,1-dimetaylethoxycarbonyl)aminoH<S)-hy 

pyridylmethyi)valine amide, 

5<SH(1 . 1 -dimethy lethoxycarbony i)amino]-4(R)-benzy l-4{S)-hydroxy-6-phenylhexanoy l-N-(2-[2-<2- 

methoxyethoxy)ethoxy]ethyl)valine amide. 

S(SH(1.l^imethyiethoxycarbonyl)aminoh2(S)-hydroxy^h 

pyridylmethyl)valine amide, 

N-[cis-3(S)-hydroxy-4(S)-benzopyrany^ 

phenylmethyl-hexanamide, 

N-{1 R.2S-dihydroxy-3S-indanyl)-5(SHl . 1 •dimethylethoxycarbonylaminoH(S)-hydroxy-6-(4 -hydroxyphenyl)- 
2(R)-(4'-hydroxyphenyl)methyihexanamide, 

N-{cis-2(R)-hydroxy-1 <SHndanyl)-5(SM1 f 1 -dimethylethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R>- 
(phenylthiomethyl)hexanamide, 

Difithium N-(2-phosphoryloxyethyl)-5(S)-(1 , 1 -dimethy lethoxycarbony larnino)-4(S)-hydroxy-2(R)- 

(phenylmethyl)hexanoyl-isoleucylarnide, 

N-{Methyl-5-amino-5^eoxy-{a0hr>^^ 

2(RMphenylmethyi)hexanoyHle amide, 

5(SH(4-pyridylmethoxycarbonyI)aminoM(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-^ 
benzimidazolyimethyl)-lle amide, 

N-(cis-2(R)-hydroxy-1 (S)-indanyl)-5(SH1 .1 -dimethylethoxycarbonylamino)-4{S)-hydroxy-6-phenyl-2(RH4- 
(1 , 1-dimethylethyl)phenylmethyl)hexanamide, 
or pharmaceuticalty acceptable saJt thereof. 

The pharmaceutically-acceptable salts of the compounds of Formula I (in the form of water- or oil- 
soluble or disperstble products) include the conventional non-toxic salts or the quaternary ammonium salts 
of these peptides, which are formed, e.g., from inorganic or organic acids or bases. Examples of such acid 
addition salts include acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, 
citrate, camphorate, camphorsulfonate, cyclopentanepropionate, digluconate. dodecylsulfate, ethanesul- 
fonate, fumarate, glucoheptanoate, glycerophosphate, hemisurfate, heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maJeate, methanesulfonate, 2-naph- 
thalenesuifonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, 
propionate, succinate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts include ammonium salts, 
alkali metal salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexylamine salts, N-methyl-D-glucamine, and 
salts with amino acids such as arginine, lysine, and so forth. Also, the basic nitrogen-containing groups may 
be quatemized with such agents as tower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, 
bromides and iodides; diaikyl sulfates like dimethyl, diethyl, dibutyi; and diamyl sulfates, long chain halides 
such as decyl. lauryl, myristyi and stearyi chlorides, bromides and iodides, aralkyl halides like benzyl and 
phenethyt bromides and others. 

HIV protease inhibitors of Formula I may be prepared in accordance with well-known procedures for 
preparing peptide analogs from their constituent amino acids or analogs thereof. In general, once the G 
substituent is made, the rest of the synthesis follows the principle of amide bond formation by the coupling 
methods of either solution-phase or solid-phase peptide synthesis. The addition and removal of one or more 
protecting groups is also typical practice. 

Structures and abbreviations for the G components of the inhibitors of the present invention include: 
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. R 
OH / 

= I! 

R 9 O 



70 a hydroxy ethylene dipeptide isostere prepared, for example, by an intermediate lactone according to Evans, 
B.E. et ai J. Org. Chem. 50, 4615(1985) or Kempf, DJ. J. Org. Chem. 51, 3921(1986). Synthetic routes to 
similar peptide bond isosteres, such as 

75 



20 




25 

Calf CH(OH)CH 2 ] Val. 

30 

are readily available. The intermediate BOC-CaJ[CH(OH)CH 2 ]VaK>H lactone is obtained from intermediates 
prepared using methods described by P. Buhlmayer et aJ, in Published European Patent Application 
1 84,550- A2. Other synthetic routes to peptide bond isosteres of like character are described in the 
following: 

35 a. Szelke et al, in Peptides. Structure and Function. Proceedings of the Eighth American Peptide 

Symp( ed. VJ. Hruby and D.H. Rich) pp. 579-82, Pierce Chemical Co., Rockford, IU 

b. O.T. Pals et al in European Patent Appln. 1 73,481 -A2; 

c. AJ*. Fray et al, j. Org. Chem., 51, 4828-4833 (1986); and 

d. M. Szelke et al, PCT Int Appf. WO 84 03.044; 



40 



Structures and abbreviations for other G components of the inhibitors of the present invention include: 



50 




55 



ACHPA 

with BOOACHPA-OEt being prepared by the method described by Boger et al., J. Med. Chem., 1985, 28, 
1779-1790; — 
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10 



Statin© C sta ) 



with BOC-Sta-OEt being prepared in accordance with the procedure described by Rich et al M J. Org. 
;5 Chem., 43,3624(1978); 



20 



25 



H— I 




RHPPR 



30 



with BOC-AHPPA-OEt being prepared as described by Rich et a!., J. Org. Chem.. 23, 27-33 (1980); 



35 



6. 



40 




45 



7. 



50 




ss with B0C-AmSta<CBZ>-OH being prepared as shown in the following Scheme, and BOC-AmACHPA(CBZ)- 
OH being prepared as illustrated in the Scheme by substituting BOC-ACHPA-OEt for BOC-Sta-OEt: 
Synthesis of protected 3-amino-3-deoxy-<3S, 4S)-statine: 
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BOC-NH \S XT-OEt 
r n 
. OH 0 



0 

CH3-S-CI (1.1 eq.) 
6 



Evap. t 35 *C 
Pump 2-4 days 

Aqueous workup 

EtOAc/lOX citric acid (Pre-shaken before 

dissolving up 
. crude product) 

Oiled out from 
EtOAc/Hexane 




OEt 6 r e ater than 95 * yield 



? 0 

S-CH-i greater than 951 purity (TLC. NMR) 
0 
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CDC1 3 



(nBu) 4 N®N3 © 

I eq. , 45 # C, 18 hr 



w 



BOC-NH 




75 



+ 20% elimination 



Aqueous 
workup 



100% elimination 



20 



CHCl 3 /EtOH 



X 



Pt0 2 /H 2 

40 lbs . , 4 hr 



25 



30 



BOC-NH 




The amine is isolated by extraction into weak acid/ Protection of the amine function is performed as follows: 



35 



40 



BOC-NH 




45 



SO 



55 
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Et 3 N 
CH 2 Cl2 



10 



u 

0 



15 



20 



BOC-NH 




-OEt -f* excess CBZ reagent 



NH-CBZ 



25 



(predominantly R at position 3 
as shown). 



Base hydrolysis gives the free acid for incorporation into the synthesis of the compounds of Formula I; or 
alternatively, this material may be prepared as described by Jones et al t in Peptides, Structure and 
30 Function. Proceedings of the Ninth American Peptide Symposium (eds. C. M. Deber, V.J. Hruby and KHa 
Kopple) pp. 759-62, 1985. Pierce Chemical Co., Rockford, IL; Arrowsmith et ai. J. Chem. Soc. Chem. 
Commun. 755-7 (1986); and Raddatz et ai. Published Eur. Pat Appl. 161 ,588; 
with efficient methods for preparing the 2-substituted statlne component Q (such as 



8, 




(2-isobutyl)ACHPA 



50 



55 



in a suitably protected form being described in Pub. Eur. Pat Appln. 157.409 (with other pertinent 
references including D. Veber et ai, Biochem. Soc. Trans., 12, 956-959 (1984) and H. Stein et al. Fed. Proa 
45, 869. Abstract No 4151 (1986)). — 

Amide couplings used to form the compounds of this invention are typically performed by the 
carbodfimid method with reagents such as cficydoh xylcarbodiimide, or N-ethyl, n'-<3- 
dim thylaminopropyl) carbodiimid . Other methods of forming the amide or peptid bond include, but are 
not limited to synthetic routes via an acid chl ride, azide, mixed anhydride or activated ester. Typically, 
soluti n phas amide couplings are performed, but solid-phase synthesis by classical Merrifield techniques 
may b empl yed instead. 
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The selection of protecting groups is, in part, dictated by particular coupling conditions, in part by th 
amino acid and peptide components involv d in the reaction. Such aminc-protecting groups ordinarily 
employed include thos which ar well known in the art for xample, urethane prot cting substitu nts such 
as benzyloxycarbonyl (carbobenzoxy). p-methoxycarbobenzoxy. p-nitrocarbobenzoxy. t-butyloxycarbonyl, 
s and the like. It is preferred to utilize t-butyloxycarbonyl (BOC) for protecting the a-amino group in the amino 
acids undergoing reaction at the earboxyl end of said amino acid, in part because the BOC protecting group 
is readily removed by relativ ly mild acids such as trifluoroacteic acid (TFA). or hydrogen chloride in ethyl 
acetate. 

The OH group of Thr, Tyr or Ser and analogs thereof may be protected by the Bzl (benzyl) group and 
w the epsilon-amino group of Lys may be protected by the IPOC group or the 2-chlorobenzyloxycarbonyl (2- 
CI-CBZ) group. Treatment with HF or catalytic hydrogenation are typically employed for removal of IPOC or 
2-CI-CBZ. 

One scheme for preparing compounds of Formula I is presented below. Example I specifically 
illustrates the application of the following Scheme (I) to specific compounds. 

is 



SCHEME I 



20 



25 




a 



O 



00 




a 



35 





1 ) UOH 

2) citric acid 
33 A 



a 



40 



Illustrations of the product of Scheme I includes the following compounds of Table I 



so 
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PhCH2~ 



10 




CH 2 - 



75 



CH 3 (CH 2 )3- 



20 



PhCH 2 0 



25 



30 



35 



40 



PhCH 2 0 



PhCH 2 0CH 2 - 
CH3 

PhCH 2 o£H- 



(CH3) 2 CHCH2- 

PhCH 2 - 
(CH 3 ) 2 CH- 



H2> 



-CH 2 Ph 



-CH 2 PH 



-CH 2 Ph 



-CH 2 CH*CH 



-CH 2 Ph 



-© 



CH 2 PH 



-CH 2 CH(CH3) 2 



CH-j 
-CHCH 2 CH 3 



-CH 2 Ph 



so 
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B groups are added onto the carboxyi terminal end by, for example, amide coupling in Schem II. See 
Example 1 for specific illustration. 

SCHEME II 

5 



75 



20 



25 




Products of Scheme II include compounds with substituents listed in Table II. 



35 



40 



45 



50 
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TABLE II 



to 



BOCNH 




B-B-J 



15 



20 



PhCH,- 



-CH 2 -CH«CH-Ph 



-Cfl 2 Ph 



-LeuPhe[NH 2 ] 



-Leu?he(KH 2 ] 



25 



PhCH 2 - 



-CH 2 Ph 



-Ile[NH 2 ] 



30 



35 



PhCH 2 - 



PhCH 2 - 



PhCH 2 - 



-CH 2 Ph 



-CH 2 Ph 



•(CH 2 )3CH3 



-L«uNH * y— NHS0 2 CH 3 



v 



-LcuPhc{OCH 3 ] 
-leuFheFNH 2 ] 



40 



PhCH,- 



-CH 2 Ph 
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B-B-J 




CH,- -CH 2 Ph 



1 2" — \-i»2» 

9 



2* 



PhCH 2 - 




-CH. 



Ph -LeuPhe(NH 2 ] 



CH 3 (CB 2 ) 3 - 
PhCH 2 - 



-CH 2 Ph 



-LeuPhc(NH 2 ] 



-CH 2 Ph 



Ph 



PhCH- 



-CH 2 Ph 



PhCH 2 - 



-OH, 



-I*uPhe(NH 2 ] 



PhCh 7 - 



-CH 2 Ph 



-LcuNH, 



0 

II x 
-NHCCH3 



PhCfl 2 - 



-CH 2 Ph 



-LcuNH/ v — OH 
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— r\ — 



B-8-J 



5 PhCH 2- 



9 -CH 2 Ph 



-LcuPh 



PhCH 2 - 



-CH 2 Ph 



-NH 



TO 




75 



PhCH 



-CH 2 Ph 



20 



PhCH 2 0-CH 2 - 



-CH 2 -Ch 2 -CH 2 -Pfa -IlcPhe [NH 2 ] 



25 



30 



PhCH 2 0-CH- -CH 2 Ph 



-IlcNH ^ OH 

PhCH 2~ -CH 2 Ph _ -(CH 2 ) 2 NHS0 2 CH 3 



35 



PhCH 2 - 



-CH 2 -CH«CH-Ph -IlcNH 




40 



PhCH,- 



-CH 2 Ph 



-NH t 




45 



Ph 



Additional J groups are added by Schemes lila and Mb, 



so 
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KK-B 



TO 



7 I * ,, *' - NH OK B* 



See also Example 4. Product compounds include those of the following Tables Ilia & 1Kb. 

is TABLE Ilia 



20 



OH B» 

OOCNH 




25 



30 



35 



<0 



50 
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PhCH 2 



Ifr 1 -NH-R1& and othPr J groups 



*-CH 2 Ph . -NH-<CH 2 ) 2 CH<CH 3 ) 2 



PhCH 2 



-CH 2 Ph -NH-CH 2 -/( )VnH 2 



PhCH* 



-CH 2 Ph -NH-CH 2 




PhCH 2 



PhCH-: 



-CH 2 Ph 



-CH 2 Ph 



• i 

-NH-CH- 
CI 

-NH-CH 2 





CI 



✓ 
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TfM.r, TTib 



OH R« b 



BocNH 




is 0 ie 



MB R 



/ — \ 

PhCH 2 -CH 2 Ph -N N-CH 3 



/ — \ A 

PhCH 2 -CH 2 Ph -N N x Ph 



PhCH 2 -CH 2 Ph 



\ / 



-O 




PhCH 2 -CH 2 Ph N, 

a benropiperidinyl J group 

CONH z 

PhCH 2 -CB 2 Ph 
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The compounds of the present invention are useful in the inhibition of HIV protease, the prevention or 
treatment of infection by the human immunodeficiency virus (HIV) and th tr atm nt of consequent 
pathological conditions such as AIDS. Treating AIDS or pr venting or treating infection by HIV is defined as 
including, but not limited to, treatinq a wide range of states of HIV infection: AIDS. ARC (AIDS related 
5 complex), both symptomatic and asymtomatic, and actual r potential xposure to HIV. For example, the 
compounds of this invention are useful in treating infection by HIV after suspected past exposure to HIV by 
e.g., blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

In the present invention, compounds with asymmetric centers may occur as racemates, racemic 
mixtures and as individual diastereomers, with all isomeric forms of the compounds being included in the 
10 present invention. 

For these purposes, the compounds of the present invention may be administered orally, parenterally 
(including subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion techniques), 
by inhalation spray, or rectally. in dosage unit formulations containing conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants and vehicles, 
rs Thus, in accordance with the present invention there is further provided a method of treating and a 
pharmaceutical composition for treating HIV infection and AIDS. The treatment involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeuticaJly-effective amount of a compound of the present invention, or a pharmaceutically-acceptable 
salt thereof. 

20 These pharmaceutical compositions may be in the form of orally-administrable suspensions or tablets; 
nasal sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous 
suspensions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques 
well-known in the art of pharmaceutical formulation and may contain macrocrystalline cellulose for imparting 
25 bulk, aJginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and 
sweetners/fiavoring agents known in the art. As immediate release tablets, these compositions may contain 
microcrystaJline cellulose, dicaicium phosphate, starch, magnesium stearate and lactose and/or other 
excipients, binders, extenders, disintegrants, diluents and lubricants known in the art 

When administered by nasal aerosol or inhalation, these compositions are prepared according to 
30 techniques well-known in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
ftourocarbons, and/or other solubilizing or dispersing agents known in the art 

The injectable solutions or suspensions may be formulated according to known art using suitable non- 
toxic, parenterally-acceptable diluents or solvents, such as mannitot 1,3-butanediol, water, Ringer's solution 
35 or isotonic sodium chloride solution, or suitable dispersing or wetting and suspending agents, such as 
sterile, bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including oleic acid 

When rectally administered in the form of suppositories, these compositions may be prepared by 
mixing the drug with a suitable non-irritating exctpient such as cocoa butter, synthetic glyceride esters or 
polyethylene glycols, which are solid at ordinary temperatures, but liquidity and/or dissolve in the rectal 
•to cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or 
prevention of the above-indicated conditions, with oral doses two-to-five times higher. For example, infection 
by HIV is effectively treated by the administration of from 10 to 50 milligrams of the compound per kilogram 
of body weight from one to three times per day. It will be understood, however, that the specific dose level 
45 and frequency of dosage for any particular patient may be varied and will depend upon a variety of factors 
including the activity of the specific compound employed, the metabolic stability and length of action of that 
compound, the age, body weight general health, sex, diet mode and time of administration, rate of 
excretion, drug combination, the severity of the particular concfition, and the host undergoing therapy. 

The present invention is also directed to combinations of the HIV protease-inhibitory compounds with 
so one or more agents useful in the treatment of AIDS. 

For example, the compounds of this invention can be given in combination with the antivirais, 
immunomodulaters, antibiotics or vaccines or other derivative forms thereof as listed in the Table IV 
[source: Marketietter , Nov. 30. 1887, pp. 26-27; Genetic Engineering News , Jan. 1988, Vol- 8, 23]: 

55 
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Dmg Name 

AL-721 



TABLE IV * 

a. Antivirals 

Manufacturer 

Ethigen 



Indication 

ARC, PGL 



BETASERON 
(interferon beta) 



Triton Biosciences 



AIDS, ARC, KS 



CARRISTN 

(polymannoacetate) 



Carrington Labs 



ARC 



cytovene 

(ganciclovir ) 



Syntex 



CMV 



DDC 



Hoffmann-La Roche 



AIDS, ARC 



* (dideoxycytidine) 



Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus* 
previously known as LAV, HTLV-III or ARV); KS (Kaposi's 
sarcoma); PCP (Pneumonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy) . 
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Drug Name 
FOSCARNET 

(trisodium , 
phos phonof o rma t e ) 



Manufacturer 
Astra AB 



Indication 
HIV inf , CMV 
retinitis 



HPA-23 



Rhone-Poulenc Sante HIV infection 



ORNIDTL 

(ef lornithine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICTTLOSE 
(nucleophospho- 
protein) 



Advanced Viral 
Research 



AIDS , ARC 



RETROVIR 
advanced 
(zidovudine; 
AZT) 



Burroughs Wellcome AIDS, 



ARC 

pediatric 
AIDS, 

KS f asympt 
HTV t 

less severe 
HIV, 

neurological 
in- 
volvement . 
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Drug Name 

RIFABUTIN 
(ansamycin LM 427) 

.(trimetrexate) 
UA001 



VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Manufacturer. 
Adria Labs 

Warner-Lambert 

Ueno Fine Chem 
Industry 

Viratek/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 

ARC 



PCP 

AIDS » ARC 



AIDS , ARC, KS 

KS, HIV, in comb 
with RETROVIR 

AIDS, ARC , in 
comb with 
RETROVIR 



Drag Name 

ABPP 

KS 

(bropirimine) 

AMPLIGEN 
(mismatched RNA) 

(Anti-human alpha 
interferon 
antibody) 



B. Tmmmomodn 1 at o r s 

Manufacturer 

Upjohn 



Indication 
Advanced AIDS » 



DuPont * ARC, PGL . 

HEM Research 

Advanced Biotherapy AIDS, ARC, KS 
Concepts 
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Colony Stimulating 
Factor (GM-CSF) 

CL246.738 
(CL246.738) 

IMREG-1 



IMREG-2 

IMUTHIOL 
(diethyl dithio 
carbamate) 

Drug Name 
IL-2 

(interleukin-2) 
IL-2 

(interleukin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 



Sandoz Genetics 
Institute 

American Cynamid 



Imreg 



Imreg 

Merieux Institute 



Manufacturer 
Cetus 

Hoffmann-La Roche 
Immunex 

Schering-Plough 
Newport 

Pharmaceu t i cals 
TNI 

Pharmaceuticals 



AIDS, ARC, HIV, 
KS 

AIDS 



AIDS, ARC, PGL, 
KS 

AIDS, ARC, PGL, 
KS 

AIDS, ARC 



Indication 
AIDS, KS 



AIDS, KS 



KS 

ARC, PGL, HIV 

seropositive 

patients 

AIDS. ARC 
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MTP-PE 

(muramyl-tripep- 
tide) 

9 

THYMOPENTIN (TP-5) 
(thymic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 

TREXAN 
(naltrexone) 

TNF (tumor 

necrosis factor) 



Drug Name 
PENTAM 300 
- (pentamidine 
isethionate) 



Ciba-Geigy 
Ortho 

Pharmaceuticals 
Hoffmann-La Roche 

Ortho 

Pharmaceuticals . 

DuPont 

Genentech 

C. ATH-ibiQtiCS 

LyphoMed 



KS 



HIV infection 



KS 

severe anemia 
assoc with AIDS 
& RETROVIR 
therapy 
AIDS , ARC 



ARC, in 
combination 
interferon gamma 



Ipriieation 
PCP 



D. Vaccines 

Any one of a variety of AIDS or HIV vaccines presently under study and development can be used in 
combination with the compounds of this invention or salt or derivative forms thereof, in the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this invention with AIDS 
antivirais, immunomodulators, antibiotics or vaccines is not limited to the list in the above Table, but 
includes in principle any combination with any pharmaceutical composition useful for the treatment of AIDS- 
SYNTHESIS 
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'5 



The preparation and synthesis follows, in general, U.S. Patent 4,661,473; Evans, B.E. et al, J. Org. 
Chem. . 50, 4615, (1985) and Evans, B.E. et al., "A Stereocontrolled Synthesis of Hydroxy mylene~bip" ptide 
Isosteres." Proc. Am. P pt. Symp.. 9, 743-6(198), and Luly, J.R. et al, J. Org. Chem. 52. 1487 (1987), ail 
herein incorporated by reference. ~ 



EXAMPLE 1 



Preparation of N -(1 ,1 -0imethylethoxycarbonyl)-5(S)-amino-4(S)-hydroxy»6-pheny l2(RHphenylmethyl)- 
hexanoy I- Leucyi-phenylalanyl amide. Compound I 



Step A: Preparation of N<3(SH(1.1-Dimethylemoxycanbonyl)am^ 
butane: 



20 



25 



30 



35 



To a stirred suspension of magnesium turnings (9.79 g, 403 mmol) in dry diethyl ether (200 mL) under 
nitrogen was added chloromethyttrimethylsilane (50 mL, 358 mmol). The reaction was initiated by gentle 
warming and then was cooled in an ice bath to maintain gentle reflux. After exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to -78* C in a dry ice/acetone bath. To the 
solution of the Grignard was added dropwise with stirring a solution of N-2(SH0.1^innemylethoxycartonyl)- 
aminoJ-3-phenyl propionaidehyde (19.3 g, 77.4 mmol) in dry diethyl ether (250 mL) dropwise such that the 
temperature of the reaction remained below -55* C. The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice 
(500 g) and 10% citric add (500 mL). The organic phase was collected and the aqueous phase was 
extracted with diethyl ether (3 X 300 mL). The combined organics were washed with 10% citric acid (1 X 
300 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude N-3(SH(1»1^»memylethoxycan^yl)^ butane (26.6 

g. quantitative crude yield) as a yellow oil. An analytical sample was obtained by low pressure chromatog- 
raphy (silica gel, 230-400 mesh; diethyl ether, hexanes, 30%:70%) followed by recrystallization from 
heptane, mp = 91-95* C: 



40 



elemental analysis. Calcd. for CiaHbiN0 3 Si (337.53): 



Found: 



c = 


64.05. 


H = 


9.26, 


N = 


c = 


64.05. 


H a 


9.13, 


N = 



415; 

4.22; [ajo20 = -40.0* 



Step B: Preparation of 3(ShAmirto-4»phenyH-butene. 

To a stirred solution of the product of Step A (22 8 g, 67.5 mmoL) in dry methylene chloride (400 mL) 
cooled in an ice bath and under nitrogen was added in a fine stream boron trifluoride etherate (43 mL, 345 
mmol). The solution was allowed to warm to room temperature where it was stirred for 4 days. Reaction 
was cooled in an ice bath and quenched by the dropwise adcfition of 10% sodium hydroxide (400 mL). The 
organic phase was collected and the aqueous phase was extracted with methylene chloride (2 X 250 mL). 
The combined organics were washed with brine (1 X 200 mL). dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give crude 3(S)-amino-4-phenyl-1-butene (14.2 g) as a yellow oil. 



Step C: Preparation of N-3(SH(1.1^imemylethco(ycanbon 

A soluti n of the product of Step B (14.2 g) and di-tert-butyl dicarbonate (31.0 g, 142 mmoL) in dry 
methylene chloride (200 mL) was stirred at room temperature for 18 hours, washed with 10% citric acid (3 
X 100 mL), water (1 X 100 mL), safd. sodium bicarbonate (3 X 125 mL), and brine (1 X 250 mL). dried over 
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10 



anhydrous magnesium sulfat . filtered and c ncentrated to yield crud N-3(S)-1[(1,l-dimethylethoxycar- 
bonyl)aminoH-phenylbutene (34.6 g) as a yellow oil. Crude product was purified by low pr ssur 
chromatography (silica gel, 230-400 mesh, 10 X 20 cm column; diethyl then h xanes, 20%: 80%) to yield 
N-3(SH(1il^imethytethoxylca^ (16.3 g, 97.6% yield) as a white solid. An 

analytical sampl was obtained by recrystaJllzation from heptane, mp = 67.5-68.5 * C; 



elemental analysis. Calcd. for Ct5H 21 N0 2 (247.34): 



Found: 



c = 


72.84, 


H = 


8.56, 


N = 


c = 


72.78, 


H = 


8.76, 


N = 



5.66. 
5.64. 



75 



20 



25 



Step D: Preparation of 1 (RH1 (SKO ,1 -Dimethylethoxycarbonyl)amino-2'phenylethyl}oxirane: 

To a solution of the product of Step C (9.4 g, 38 mmol) in dry methylene chloride (100 mL) cooled in an 
ice bath and under nitrogen was added 3-chloroperoxybenzoic acid (technical grade, 80-85%; 41 g, 200 
mmol). The mixture was stirred at 0* C for 18 hours and 25* C for 23 hours, then diluted with diethyl ether 
(300 mL), and poured in ice cold aqeous 10% sodium sulfite (1 L). The organic layer was collected and the 
aqueous layer was extracted with diethyl ether (3 X 100 mL). The combined organics were washed with 
10% sodium sulfite (3 X 100 mL), satd. sodium bicarbonate (3 X 100 mL), and brine (1 X 100 mL). dried 
over anhydrous sodium sulfate, filtered and concentrated to give a white solid. Crude product was purified 
by low pressure chromatography (silica gel 230 - 400 mesh. 8 X 15 cm column; ethyl acetate: hexanes, 
25%:75%) to yield 1(R)-0 (SHl.1^*ni6mylethoxycarbonyl)amino-2-phenylethyl]oxirane (7.0 g ( 70% yield) 
as a clear oil which crystallized upon standing. An analytical sample was obtained by recrystallization from 
heptane, mp = 51.5-52* C; 



30 



elemental analysis. Calcd. for C1SH21NO2 (263.34): 





C = 


68.42, 


H = 


8.04, 


N = 


5.32. 


Found: 


C = 


6822, 


H = 


826. 


N = 


5.29; Mo 20 = 1.34* 



35 

Step & Preparation ofjSSysyS-CTrtxjethoxy^HP^'^ 
dihydrofijrarv2-(3H)-one. 

The product from Step D, 9.93 g, was dissolved in 100 mL of absolute ethanol and added to a solution 
40 of 23 g of sodium and 20.1 mL of diethyl malonate in 170 mL of absolute ethanol. After stirring ovemite, 
the reaction was acidified to pH 4 with 10% citric acid and extracted with 2 X 500 mL of ether. The 
combined organic extracts were washed 1 X 500 mL HaO, 1 X 500 mL safd NaHCOa. .1 x 500 mL satd 
brine and dried over MgSO*. The solvents were removed and the crude product purified by low pressure 
chromatography on silica gel eluting with 50% ether/hexanes (or EtOAc/hexanes). The yield of semi-solid 
45 product was 10.6 g. The later fractions contained 2.5 g of the undesired 5 R isomer as a white solid. 

Step R Preparation of (5S.1 # S-)3-carboethoxy-3-pheny Imethy l-5-(1 -((1,1 -dimethy lethoxycarbonyl)-amino)-2- 
phenyjemyQdihydrofuran-2-(3H)-one. 

50 

The product of Step E, 10.6 g, was dissolved in 100 mL of abs. ethanol containing 3.7 mL of benzyl 
bromide and added to a solution of 0.71 g of sodium in 100 mL of absolute ethanol. The solution was 
heated to 50* C for 1.5 hours, then cooled in an ice bath and acidified with 500 ml of 10% citric acid. The 
mixture was extracted 3 X 500 mL of ether and the combined ether extracts washed with 400 mL of H 2 0, 
55 400 mL of brine, dried (MgSOt) and the sorv nt removed under reduced pressure to give 13.6 g of a clear 
colorless oil which was essentially homogeneous by TLC (25% ethyl acetate/hexanes). 
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Step G: Preparation of (aassj's^a-benzy 1-5^1 -((1.1 -dimethyl thoxycarbonyl)amin )-2-phenylethyl)- 
dihydrofuran-2-(3H)-one. 

The product of Step F, 13.6 g, was diss rved in 250 mL of 1,2-dimethoxyethane, and to it was added 
5 117 mL of 1 M lithium hydroxide %t room temperature. After stirring for 12 hours, the solvents were 
removed under reduced pressure, the residue suspended in 200 mL of 10% citric add and extracted 3 X 
500 mL of diethyl ether. The combined ether extracts were washed with 500 mL of brine, dried (MgSO*) 
and the concentrated to dryness. The residue was dissolved in 250 mL of toluene, heated to reflux for 12 
hours, then concentrated to dryness under reduced pressure. Purification by medium pressure chromatog- 
to raphy over silica gel eluting with 15% ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear foam. 
Further elution with the same solvents gave 6.15 g of the 3S-lactone as a white solid. 

Step H: Preparation of N-(1 ,1 -dimethylethoxycarbonyl)-5(S)-amino-4(SH1 >1 '-dimethylethyl-1 ,1 -dimethyl- 
15 silyloxy)-6-phenyl-2(RHpnenylmethyl)-hexanoic acid." " 
i 

(3R, 5S. l'S)-3-Benzyl-5-<H(1J-dimethylemox^ 
0.5 g. was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to it was added 
5 mL of 1 M lithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed in 

20 vacuo and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers were 
separated and the aqueous phase extracted with 3 X 20 mL chloroform. The combined organic layers were 
dried (Na2SO*) and the solvent removed to yield 0.46 g of the crude hydroxy acid. This residue was 
dissolved in 5 mL of dry DMF and 0.845 g tert-butyl dimethylsiiyl chloride and 0.725 g of imidazole were 
added. After stirring for 18 hours, the reaction was poured into 50 mL of water and extracted with 3 X 20 

25 mL of ethyl acetate. The combined organic extracts were washed with 3 x 20 mL of 10% citric acid, 1 x 20 
mL of water, 3 X 10 mL of saturated aqueous solution of Na2CC>3, and 20 mL of brine. After drying 
(NazSO*), the solvent was removed and the resulting residue dissolved in a mixture of 5 mL of THF, 5 mL 
of glacial acetic acid, and 2 mL of water. The mixture was stirred for 4 hours, then poured into 50 mL of 
water and extracted with 3 X 20 mL of ether. The combined ether extracts were washed with 2 X 20 mL of 

30 water, brine, dried (Na^SOi). and the solvent removed. Purification by medium pressure chromatography 
over silica gel, eluting with MeOH/CHCI 3 gave 0.53 g of the product as a white solid. 

Step t Preparation of n'-(1 ,1 -dimethylethoxycarbonyl>-5(S)-amino-4<SH1 '.1 '-dimethytethyl-1 ,1-dimethyl- 
35 silytoxyHH^eny^RHphenylmemyl) amide. 

The product from Step H, 0.183 g, was dissolved in 10 mL of dry DMF, and to it was added 0.124 g of 
leucinyhphenylalanyl amide hydrochloride hemihydrate, 0.051 g of 1 -hydroxybenzotriazole hydrate and 
0.069 g of dimethyl-3-{3-dimetrrylaminopropyl) carbodiimide hydrochloride. Triethylamine was added to the 
40 stirring solution until the pH was 8.5. After stirring for 2 hours, the reaction was poured into 80 mL of water 
and extracted with 5X10 mL of ethyl acetate. The combined organic extracts were washed with 3 X 20 mL 
of 10% citric add, 1 X 20 mL of water. 3 X 20 mL of a saturated aqueous solution of Na 2 C0 3 , 30 mL of 
brine, dried (NasSO*), and the solvent removed to give 0.2 g of the product after purification by preparative 
thin layer chromatograpy (5% methanoVchloroform). 



Step J: Preparation of N -{1 ,1 -dimemylethoxycairtonyl^ 
(phenyimethyQhexanoyt-leiicyl-phenylalanyl amide. 

so The product from Step 1, 0,2 g, was placed in a flask and to it was added 2 mL of a 1M solution of 
tetrabutytammonium fluoride in THF. After stirring for 2 hours, the solvent was removed in vacuo , and the 
residue was taken up in 50 mL of 10% metrtanol/chtoroform and passed through a pad "of silica gel. The 
solvent was removed in vacuo , and the remaining solid triturated with ethyl acetate. The solid was filtered 
through a silica pad and washed with ethyl acetate. The silica gel pad was then washed with chloroform 

ss (200 mL). The chloroform solution of the product was evaporated to yield 0.074 g of pure product The ethyl 
acetate solution was concentrated, and the residue was chromatographed over silica geL eluting with 
mettianol/chloroform to give an additional 0.054 g of product The combined yield of th product was 0.128 
g: mp 218-210* C. 
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EXAMPLE 2 



s Preparation of N-benzyl-N-(1 ,1 -dimethy tethoxyc^onylV5(S)-amino'4<S)-hydroxy-6-phenyl-2(R)- 
(phenylmethyl)hexanoyl-Leucyl-afiiid , Compound H 

Step A: Preparation of N-benzyl n'-(1 , 1 -dimethylethoxycarfaony{)-5(S)-amino-4<S)-(1 , 1 '-dimethytethyl-l ,1 - 
io din^tr^lsilyioxy)^j)h^ amide. 

N'-(1 J-DimetnylethO)<ycarbonyl)-5(S)-arnino-4{SH1 'A '-dimethylethyM .1 KiimethylsilyloxyK-phenyl^- 
fRHphenylmethyOhexanoic acid from step A in Example 1, 0.183 g f is dissolved in 10 mL of dry DMF, and 
to it is added 0.058 g of N-benzyl leucine amide hydrochloride, 0.051 g of 1-hydroxybenztriazole hydrate 

is and 0.069 of 1-ethyl-3-<3-dimethylaminopropyl) carbodiimide hydrochloride. Triethyiamine is added to the 
stirring solution until the pH is 8.5. After stirring for 2 hours, the reaction is poured into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts are washed with 3 X 20 mL of 
10% citric acid, 1 X 20 mL of water. 3 X 20 mL of a saturated aqueous solution of Na 2 C03. 30 mL of brine, 
dried (NaaSO*). and the solvent removed to give the product after purification by preparative thin layer 

20 chromatography (5% methanol/chloroform). 

Step B: Preparation of N-Benzyl n'-(1 ,1 -Dimemylemo)cycarbonyl>-5(S)-amino-4(S)-hydroxy-6-phenyi-2(R>- 
(phenyimethyl)hexanoyl-Leucyl amide. 

25 

The product from Step A, Example 2, 0.1 g, is placed in a flask and to it is added 2 mL of a 1 M 
solution of tetrabutyiammonium fluoride in THF. After stirring for 2 hours, the solvent is removed in vacuo , 
and the residue is taken up in 50 mL of 10% methanol/chloroform and passed through a pad of silica gel. 
The solvent is removed in 'vacuo, and the remaining solid triturated with ethyl acetate. The solid is filtered 
ao through a silica pad and hashed" with ethyl acetate. The silica gel pad is then washed with chloroform (200 
mL). The chloroform solution is evaporated to yield product 



EXAMPLE 3 

35 

Preparation of N-(1 ,1 ^imemytetrraycamorryli-Sff^ 
methyl)hexanoyHeucyl*phenytaianyl amide 

40 

To a stirred solution of N^1.1-dimemylemoxycartonyih5^ 
zyioxyphenylmethyl)rmxarwyHeucylphenylalanyl amide. 25 mg, in 10 mL of tetrahydrofuran was added a 
suspension of 10% palladium on carbon, 25 mg, in 10 mL of absolute methanol. The mixture was stirred 
under an atmosphere of hydrogen for 4 hours at room temperature, then filtered and concentrated to 
45 dryness. The residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid 
precipitated which was collected and dried under vacuum over P 2 Os. The yield was 20 mg of pure product 
mp 222-223 # C(C,H f N). 



so EXAMPLE 4 



Preparation of N-benzyl-N ^1.lKfimemytethO)cycarbonyih5( 



hexanamide. Compound III 

The lithium salt of benzyl amine was prepared by adcfing 0.5 mL of a 2.5 M solution of n-butyl lithium to 
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0.134 g of benzyl amine in 10 mL of dry THF at -78* C. To this was added 0.1 g of (3R, 5S, l'S)-3-ben2yl- 
5-{1-{{1 t 1-dimethylethoxycarbonyl)amino)-2-ph nylethyl)-dihydrofuran-2-(3H)-one (Step G of Example 1) in 5 
mL of THF. After stirring for 15 minut s. the reaction was quenched by the addition of 15 niL of 10% citric 
acid, and the mixtur was allowed to warm to room temperature. The volume was tripled by the addition of 
ethyl acetate. The organic layer was % parated, and th aqueous phase was washed with ethyl acetat . The 
combined organic solutions were washed with 3 x 10 mL 10% citric acid, 1 x 20 mL of saturated Na2C03 
solution, brine, and dried (Na2SO*). The solvent was removed in vacuo to yield a white solid. The solid was 
recrystallized from hexane/ethyl acetate to yield 0.065 g of the product as a crystalline solid; mp 191- 
192* C. 



EXAMPLE 5 



Preparation of n'-(1 ,1 HJimethylethoxycanbonylH(S)-a^ 
phenylalanylamide. — — 

N-(1 t 1-dimethyethoxycarbonylH(S)-amino-3 (S)-hydroxy-5-cyclohexylpentanoic acid (Boc-ACHPA), 
(0.575 g. 1.82 mmol) was dissolved in 5.5 mL of dry DMF, under argon. To this well stirred mixture was 
added L-leucyl-phenylalanine amide hydrochloride semihydrate (0.74 g, 2.18 mmol), hydroxy benztriazole 
hydrate (0.258 g. 1.91 mmol), ethyl 3-(dime%lamirK))^ropyl(^rt)ocMimide hydrochloride (0.374 g, 1.91 
mmol), and triethylamine (0-57 mL, 4.10 mmol). This mixture was stirred at room temperature for 1 hour. 
The reaction mixture was diluted with ethyl acetate (30 mL). This mixture was washed with water (3X15 
mL). 10% aqueous citric acid (15 mL), and brine (15 mL). Drying (Na^SO*). filtration, and removal of the 
solvent in vacuo gave the crude coupling product This material was chromatographed on silica gel using 
6% methanol in chloroform as eiuant There was obtained 0.582 g of the title compound as a white 
crystalline solid, mp: 171-175* C. 



EXAMPLE 6 



Preparation of N'-[3-{(1(R)-Benzyloxycan^om 
proparwylHeucyt-phenylalanylamide, and N -(34(1(R)-Benzyloxycarbonytam^ 
(S)-pherry1meOTylproparK)ylHeucyH^enylalanytamide. 



Step A: Preparation of Methyl-1(R)-benzyloxycarbonylamino-2-phenylethylphosphinate. 

A 10% solution of trimethylsilyldiazomethane in pentane was added dropwise to a solution of 0.790 g of 
1 (R)-benzyioxy(^rbonylamino-2-phenyiethy1 phosphonous acid in a mixture of benzene (35 mLymethanof (5 
mL) until a pale yellow color persisted in the stirred reaction solution. After one hour at 0* the solution was 
concentrated and the residue chromatographed over silica gel, eluting with methylene 
chtoride/acetone/methanol (18:1:1), to afford 0.400 g of pure methyl ester. 

Step B: Preparation of Memyl-1(R)-benzyloxy<arborrylamino-2-phenylethyH2( 
1 -propyl)phosphinate. 

The product of Step A, 0.397 g, was dissolved in 5 mL of absolute methanol and, at 0* was treated 
with 0.67 mL of a 2.0 M solution of sodium methoxide in methanol under a nitrogen atmosphere. After 10 
minutes, methyl 2-benzyl aery late (0-240 g) was added in one portion, the cooling bath removed, and the 
mixture was stirred at ambient terrnperature of 18 hours. Th mixture was concentrated to an oil which was 
partitioned between 15 mL of 1 N hydrochloric acid and 10 mL ethyl of ethyl acetate. The layers were 
separated and the aqueous phase was xtracted with 2 X 10 mL acetate. The combined organic layers 
were washed (brine) and dried (NaaSOO and the solvent r moved to give an oil which was chromatog- 
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raphed on silica gel (flash). Elution with ethyl acetate afforded 0.264 g of th product. 

Step C: Preparation of Methy H (R)^enzytoxycarb<xiyiaminch2^ -pro- 
5 pyQphosphinate. 

f 

A solution of the product of Step B. 0.264 g, in 1.5 mL of 1 ,2-dimethoxy than was treated with 0.56 
mL of a 1.0 N aqueous lithium hydroxide solution. After stirring under nitrogen for 4 hours at room 
temperature, the solvent was removed and 30 mL ice water was added to the residue. The resulting mixture 
w was extracted with 2 X 10 mL ether/ethyl acetate mixtures, following which the aqueous phase was acidified 
to pH 4-5 using several drops of 50% acetic acid. The acidic mixture was extracted with 3 X 15 mL ethyl 
acetate and then the combined acidic organic layers were washed with water, brine, and dried (NazSO*). 
Removal of the solvent in vacuo left the product as an oil: 0.153 g. 

15 

Step D: Preparation of N^Methoxy-l(R)^nzyloxyratx>nylam^ 
phenylmethyl propanoyl}-leucylphenyhalanylamide. 

The product from Step C, 0.153 g t was dissolved in 4 mL of dry acetonitrile and stirred under nitrogen 
20 in an ice bath. To the solution were added 0,119 g of Heucyl L-phenylalanylamide hydrochloride 
hemihydrate. 0.155 g of benzotriazoM-yioxytris (dimethylamino)phosphonium hexafluorophosphate, and 
triethylamine to pH 8.5. After stirring at 0* for 2 hours the mixture was warmed to room termperature and 
stirred 3 hours further. 10 mL of dilute aqueous sodium chloride was added and the mixture was extracted 
with 4 X 10 mL of ethyl acetate. The combined organic extracts were washed with water, 2 N hydrochloric 
25 acid, water, saturated aqueous sodium bicarbonate, brine, and dried (MgSCU). Removal of the solvent left 
0.164 g of a sticky solid which was a mixture of 4 major components as evidenced by thin layer 
chromatograpy (chloroform/methanol/ammonium hydroxide, 90:10:1). The mixture was flash chromatog- 
raphed, eluting with the same solvent mixture used for TLC. Early fractions containing an intimate mixture of 
3 components were combined and concentrated to give 66 mg of a diastereomeric mixture of the product 
30 Continued elution provided an additional 52 mg of product mixture which was predominantly a single TLC 
spot 

Step E: Preparation of N-{3-[(1 (RhBenzyloxycarbonyl-arru (S)-phenyknethyl 
35 propanoylHeucylphenlalanylamide, Compound A, and ^3^(1(R>-Benzyioxycarbonylamino*2^enyiethyl)- 
phosphinylh2(S)-phenylmethyl pfopanoyiHeucy*-phenlaianylamide, Compound B. 

A solution containing 0.066 g of the diastrereomeric mixture of Step D and 0.014 g of anhydrous lithium 
iodide in 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which time an 

40 additional 0.030 g of lithium iodide was added. At the end of 1 week the solvent was removed and the 
residue suspended In 5 mL of saturated sodium bicarbonate. The mixture was extracted with 4 x 5 mL ethyl 
acetate and the combined organic layers were concentrated. Separation of the two diastereomers was 
accomplished by preparative high pressure liquid chromatograpy using a Waters Delta Pak C-18 column, 
ekiting with a gradent of acetonitrile, 0-95% in water (0.1% trifluoroacetic acid) over one hour. The fractions 

45 of retention time 4.22 minutes and that of 7.00 minutes were lyophilized separately to afford 0.013 g of 
Compound A and 0.012 g of Compound B, respectively. 

EXAMPLE 7 

50 " 



Preparation of N'KBenzylCMy<gurtxmyl)-5(SV 
leucyi-phenylalanyl amide. 

55 

Step A: Preparation of 5(Shamino^SHt^utyldimethylsilyloxyh6^henyl»2(RHphenyl) methylhhexanoyl- 
LeucyhPhenyaianylAmkle. 
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To a coW (0* C) solution of 350 mgs. (0.468 mmol) of N-(1 .1 -dimethylethoxy cartway l>-5(S)-amino-4{S>- 
(t-butyl-dimethylsilyloxy)-6-pheny»-2(R) (phenylmethyl)-hexanoyl-leucyl-Phenylalanyi Amide in 10 mLs of 
methylen chloride was add d 5 mLs of trifluoroac tic acid. After 1 hour., the reaction was poured into a 
separatory funnei containing sat'd. NaHCOa solution and washed with methylene chloride (2 X 30 mLs). The 
organics were dried, filtered and concentrated to give an oily residue which was flashed chromatographed 
(SiO:, 5% MeOH/NH 3 sat'd. chloroform) to give 240 mgs. of product along with 75 mgs of 5(S)-amino-4{S)- 
hydroxy-6-phenyl-2(R)-{phenylmethyl)-hexanoyl-Leucyl-PhenylaJanyl Amide. 



Step B: Preparation of 5($HBenzyloxycarbonyl)'amino-4(S)-hydroxy-€-pheny>-2(R)-(phenylmethyl)- 
hexanoyl-Leucyl-Phenyalanyi Amide. 

To a solution of 25 mgs. (0.038 mmol) of 5(S)-amino-4<S)-(t-Butyl-dimethyisilyloxy)-6-phenyl-2(R)- 
(phenylmethyl)-hexanoyl-Leucyl-Phenylalanyl Amide in 10 mLs of methylene chloride which contained 10 u! 
(0.072 mmol of triethylamine was added 10 uJ (0.070 mmol) of benzyl chloroformate. After 3 hours the 
reaction was complete and was poured into a separatory funnel and washed with 2 X 10 mLs of 10% citric 
acid solution, 10 mLs of said NaHC0 3 soltuion. and the organics were dried filtered and concentrated to 
dryness. The residue was diluted with 2 mLs of THF and 1 mL of a 1 M solution of tetrabutylammonium 
fluoride (TBAF) was added. After 1 hour an additional 0.5 mL of TBAF was added. After 2 hours the reaction 
was concentrated and passed through a pad of Si02 which was eluted with 5% MeOH/CHCb to give the 
crude product This was further purified using reverse phase HPLC on a Waters C-18 column to give 12 
mgs. of the desired product mp = 207-210 *C. 



EXAMPLE 8 



Assay for inhibition of Synthetic Viral Protease 

Inhibition studies of the reaction of the synthetic protease [amino acid residues 69-167 of the pol open 
reading frame in Ratner, L et al, Nature, 313, 277 (1985) and synthesized by Memfield sollaHphase 
synthesis] with a peptide substrate [Val-Ser-G In-Asn-Tyr-Pro-I le-Val , 2 mg/mL when the reaction is initiated) 
were in 50 mM Na acetate. pH 5.5, at 30* C for 1 hour. Various concentrations of inhibitor in 1.0 Ul DMSO 
were added to 36 ul of assay solution and the reaction initiated by the addition of 4 ul (1.6 ug) of synthetic 
protease. The reaction was quenched with 160 ul of 12% acetic acid. Products of the reaction were 
separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient 0.1% trifiuoroacetic 
acid). The extent of inhibition of the reaction was determined from the peak heights of the products. HPLC 
of the products, independently synthesized, provided quantitation standards and confirmation of the product 
composition. Compounds I. III. and IV showed an ICso of about 2 nM, about 50 nM and about 27 nM, 
respectively. 



EXAMPLE 9 



Assay for Inhibition of Microbial Expressed Virai Protease 



Inhibition studies of the reaction of the protease expressed in Eschericia coii with a peptide substrate 
[Vai-Ser-Gln-Asn-{betanapthyl)A]a-Pro-lle-Val t 0.5 mg/mL at the time the reaction is initiated] were in 50 mM 
Na acetate. pH 5.5, at 30* for 1 hour. Various concentrations of inhibitor in 1.0 ul DMSO were added to 25 
ul of the peptide s luti n in wat r. Th reaction is initiated by the addition of 15 ul f 0.33 nM protease 
(0.11 ng) in a solution f 0.133 M Na acetate pH 5.5 and 0.267% bovine serum albumin. The reaction was 
quenched with 160 ul f 5% phosphoric acid. Products of the reaction were separated by HPLC (VYDAC 
wid pore 5 cm C-18 reverse phase, acetonitril gradient 0.1% phosphoric acid). The ext nt of inhibition of 
th reaction was determined from th peak heights of th products. HPLC of the products, independently 
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synthesized, proved quantitation standards and confirmation of th product composition. Compounds i, II 
and III showed IC 5 o values of about 0.6 nM, about 1.4 nM and about 120 nM, respectively. 



5 EXAMPLE 10 



Preparation of N-((1 R,2S.3SH ,2-Dihydroxy-3-indanyl)-N'-(1 ,1-dimethylethoxycarbonyl>-5($)*amino-4<S)- 
w hydroxy-6iphenyl-2(RHphenylmethyl)hexanamide 



Step A: (1RS,2RS,3RS)3-Amino-1-bromch2-hydroxyindan cyclic carbamate 

is A mixture of 2.5 g (14.3 mmol) of the known 1 -amino-2-hydroxyindan cyclic carbamate, 2.9 g (16.3 
mmol) of N-bromosuccinimide, and 100 mL of CCU was heated at reflux for 3 hours. After cooling, the 
mixture was diluted with 100 mL of CHCia and washed with 10% Na 2 S03. The aqueous layer was extracted 
with CHCIa, and the combined organic layers were washed with 10% NaaSOs. dried over NaaSO*. and the 
solvents removed at reduced pressure to give an oil* which was chromatographed on 250 g of fine S1O2 

20 using 1:1 EtOAc-hexanes to afford 950 mg (26%) of the Step A product as a colorless solid. 



Step B: (1RS^SR.3SR)1-Acetoxy-3-aminO"2-hydroxyindan cyclic carbamate 

25 A solution of 950 mg (3.7 mmol) of 1 -8romo-2-hydroxy-3-aminoindan cyclic carbamate (Step A product) 
and 1.9 g (6.3 mmol) of tetra-n-butylammonium acetate in 50 mL of DMF was heated at 80 "C under N2 for 
6 hours. The solvents were removed at reduced pressure and the residue was partitioned between CHCb 
and water. The aqueous layer was extracted twice with CHCb and the combined organic layers were 
washed with water, dried over NaaSO* and the solvents removed to give an oil which was chromatographed 

30 on 125 g fine SiCh using EtOAc-hexanes to afford 372 mg (43%) of Step B product as a colorless solid: mp 
131-133' C, 



* AnaliCalc'dfonCiaHuNO* 



c, 


61.80; 


H, 


4.75; 


N, 


6.01. 


c f 


62.12; 


H, 


4.73; 


N, 


556. 



Step C: (1 RS,2SR,3SR)3-Amino-1 ,2-dihydroxyindan 

To a stirred solution of 180 mg (0.77 mmol) of 1-acetoxy-2-hydroxy-3-aminoindan cyclic carbamate 
(Step B product) in 12 mL of EtOH was added a solution of 705 mg (17.6 mmol) of NaOH in 5 mL of H2O. 
This mixture was heated at reflux for 3 hours, the solvents removed at reduced pressure, and the residue 
partitioned between brine and CHCI3. and the combined organic layers were dried over NaaSO*. The 
solvents were removed to give 60 mg (47%) of Step C product as a solid. 



Step D: (1R^S,3S)*N-1^-dihydroxy-3Hndanyl)-L*phenylalanine amide 

To a stirred solution of 422 mg (2.55 mmol) of 1 ,2-dihydroxy-3-aminoindan (Step C product), 746 mg 
(2.81 mmol) of BooL-Phenyiaianme, 539 mg (2.81 mmol) of EDC, and 380 mg (2.81 mmol) of 1- 
hydroxybenzotriazole hydrate in 10 mL of DMF under N 2 was added 783 uL (5.62 mmol) of EfcjN. After 
stirring overnight at room temperature, the solvents were removed at reduced pressure, and the residue 
was partitioned between CHCb and 1 .0 M citric acid. Th aqueous layer was extracted with CHCI3 and the 
combined organic layers were washed with two portions of NazCOa and dried over NajSO^ The solvents 
were removed at reduced pressure and the residue was dissolved in 14 mL of ChkCfe and treated with 7 
mL of TFA under N 2 for 0.5 hours. The solvents were removed at reduced pressure, and the residue was 
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partitioned between 2% HC1 and ether. The aqueous layer was basified with 40% NaOH, extracted with 
three portions of CHC1 3 , dried over NaaSO* and chromatographed on 23 g fine SiOa using 223 mg (56%) of 
Step 0 product as a colorless solid. 

9 

5 

Step E: (1R^S.3S)-3- Aminos ,2-dihydroxyindan 

To a solution of 215 mg {0.69 mmol) of N-(1 ,2-dihydroxy-3-indanyl) L-pheny (alanine amide (Step D 
product) in 10 mL of EtOH was added a solution of 84 mg (2.1 mmol)of NaOH in 4 mL of H 2 0. The mixture 
ro was heated at reflux for 6 hours, the solvents removed at reduced pressure, and the residue triturated with 
8 mL of CHC1 3 . The triturate was applied to a column of 4 g of fine Si02 using 88:12:1.2 CHCI3-CH3OH- 
NH*OH at the eluent to give 104 mg (91%) of Step E product as a colorless solid. 



20 



is Step R N-<(1 R»2S.3SH ,2-Oihydroxy-3-indanyl)-5(SH1 J-dimethylethoxycarbonylamino)-4(S)-hydroxy-6- 
phenyl*2(RHP"enylmethyl)-hexanamide 

To a stirred solution of 58 mg (0.11 mmol) of 5^1.1<limemyletrK3xycartxmylamino)-4-t-butyl- 
dimethyisilyloxy-2-{phenylmethyl)-6-phenyl hexanoic acid of Example 1, 21 mg (0.13 mmol) of (-)1,2- 
dihydroxy-3-aminoindan from Step E. 24 mg (0.13 mmol) of EDC. and 17 mg (0.13 mmol) of HOBT in 2 mL 
of DMF under N2 was added 36 mL (0-25 mmol) of EUN. After stirring for 17 hours at room temperature, 
the solution was poured into cold 1.0 M citric acid and extracted with two portions of EtOAc, The two 
portions of 10% NaaCOa. brine, dried over Na 2 SOi and the solvents removed to give a residue which was 
dissolved in 2.0 mL of a 1.0 M solution of tetra-n-butylammonium fluoride in THF. After stirring for 18 hours 
at room temperature, the solvents were removed at reduced pressure, and the residue was partitioned 
between CHCb and H 2 0. The aqueous layer was extracted with 1:9 CH3OH-CHCI3 and the combined 
organic layers were washed with H2O, dried over Na2SO< ( and the solvents removed to give a solid which 
was triturated with 1:4 EtaO-hexanes to afford 32 mg (52%) of the tftie compound as a colorless solid: mp 
190-192* C (dec) 

30 
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Anal. Caic'd for C 3 3H + oN 2 Os 



Found: 



c. 


70.69; 


H. 


7.19; 


N. 


c. 


70.50; 


H. 


7.18; 


N. 



5.00 
4.76 
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Preparation of N-(2(R)-hydroxy-1 (S)-indanyl)-N'$-(1 ,1^imethyletho)cycartx>nyl^ 
phenyl-2(RH4-hydroxyphenytmethyl) hexanamide 

Step A: Preparation of (5S,1 # S)-3K^rtx)ethx)xy^44>enzyloxyphenylmemyl)-5-[1 -{1 ,1 -dimethylethoxycar- 
bdnyl)amino)-2^henylethy1]dihydrofuran-2-(3H)-orte 

To a stirred solution of (5S ( l'S)-3-carboethoxy-HH(l'.1 ^Jimemyiemoxycarbonyl)amino)-7- 
phenylethylH^y^rofuran-2K3H)-ono (product of Example 1, Step E), 2 g (5.3 mmol) in 25 mL of absolute 
ethanof was added a solution of 0.13 g of sodium in 2.2 mL of absolute ethanoi followed by 1.30 g (5.5 
mmol) of 4-benzyloxybenzyi chloride. The solution was heated to 50* C under nitrogen for 1 hour, then 
cooled in an ice bath and acidified with 20 mL of 10% citric acid and cfiluted with 200 mL of water. The 
mixture was extracted with 3 X 100 mL of ether and th combined ether extracts washed with 50 mL of 
water, 200 mL of safd NaHCCb and dried over MgSO*. Removal of solvents under reduced pressure and 
purification by low pressur chromatograpy on silica gel, eluting with 40% ether in hexanes gave 1.56 g 
(51% yield) of a dear colorless gloss essentially homogeneous by TLC (50% eth r/hexanes). 
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St p B thru Step C: Preparation of N-{1,l-dim thyleth xy^rtx)nylh5(SHmino-4(SV(l\r-dimethytethyl 
T7T3imethylsilyloxyHH^ xanoic ^ 

Employing the procedure substantially as described in Example 1. Steps G and H, but substituting for 
the (5S.1 'S)-3-carboethoxy-a-phenyl-methyl-5-{1-(l ,1 -dimethylethoxycarbonyl)amino)-2-phenylethyl>- 

dihydrofuran-2-(3HH>ne the product of Step A. 1.56 g. there was produced in sequence the following: 



(Step B) 

(3R.5S, 1 SV3-(4-benzy toxyphenylmethy l)-5-(1 -<(1 ,1 -dimethy lethoxycarbonyl)amino)-2-pheny l-ethy h 
dihydrofuran^H)^, 0.52 g (38% yield) of 3R-lactone as a colorless foam. Further elution gave 0.61 g 
of a mixture of 3S and 3R lactones. 



(Step C) 

N-<1 ,1 -dimethy lethoxycarbonyi)-5(S>-amino-4(S)-(1 '.1 '-dimethylethyl-1 , 1 -dimethylsiiy !oxy)-6-pheny 1-2- 
(RH4-benzyloxyphenyimethyl) hexanoic acid, 0.60 g (94% yield) as a colorless foam essentially homo- 
geneous by TLC (3% methanol/chloroform). 



Step D: Preparation of N-(2(R)-hydroxy-1 (S)-indanyi)-5(S)-(1 ,1 <iimethylethoxycarbony lamino)-4(S)-hydroxy- 
6-phenyl^2(RH4-be"zytoxyphenyimethyl) hexanamide 

The product from Step C. 0.12 g. was dissolved in 2 ml dry OMF and to it was added 40 mg of J(S)r 
amino-2(R>-hydroxyindane. 25 mg of 1 -hydroxy benzotriazole hydrate and 70 mg of dimethyl-3-<3-dimethyl 
aminopropyOcarbodiimide hydrochloride. Triethylamine was added to the stirred solution until the pH was 
as (32 mL). After stirring for concentrated to dryness under reduced pressure, the residue was dissolved in 
100 mL of chloroform and worked with 1 X 50 mL of 10% citric acid, 1 X 50 mL H 2 0. 1 X 50 mL sat'd 
NaHCOa. dried over MgSO* and concentrated to dryness. The residue was dissolved in 1 mL of 
tetrahydrofuran and added to 2 mL of 1 M tetrabutylammonium fluoride in THF. After stirring overnight at 
room temperature the reaction mixture was diluted with 10 mL of 10% citric acid and the white precipitate 
collected by filtration. The product was purified by low pressure chromatograpy on silica gel eluting with 2% 
methanoVCHsCfe to give 85 mg of product which was essentially homogeneous by TLC (3% 
methanoi/CHsCfe). 

Step E: Preparation of N-(2(R)-hydroxy-1 (SHndanyf)-5(SH1 ,1 -dimethylethoxycarbony iamino)-4(S)-hydroxy- 
S^er^l^tRH^y^o^^efiy^^^g^ 3 ^^ 6 

The product of Step 0 f 85 mg was dissolved in 10 mL of methanol and 10 mL of THF, and to it was 
added 0.10 g of 10% palladium on carbon. The mixture was stirred under an atmosphere of hydrogen for 
48 hours at room temperature, then filtered and concentrated to dryness- The residue was dissolved in 10 
mL of hot ethanol and 20 mL water was added. On cooling the white solid precipitate was collected and 
dried under vacuum over P 2 Os. The yield was 72 mg (98% yield) of pure product mp 218-219 C 
(effervesces, sinters at 215) 



elemental analysts, Calc'd for C33H40N2OC: 
(560.696): 





a 


70.69; 


H, 


7.19; 


N, 


5.00; 


Found: 


a 


70.62; 


H, 


7.39; 


N, 


4.79. 



Step F: Resolution of 1 -Amino-2-hydroxy indan 
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From the known racemic l-amino-2-hydroxyindan, the resolution was carried out as described for the 3- 
amino-12-dihydroxyindan above. The (1S,2R)-1-amino-2-hydroxyindan resulting from saponification of the 
higher R, diastereomer was shown to have an ao of -58* (c = 1.0, CHCb). The (1R,2S>-1-amino-2- 
hydroxyindan resulting from saponification of the lower R< diastereomer was found to have an ao of + 62 * 
5 (c = 1.0, CHCh). * 



EXAMPLE 12 

10 

Preparation of N-(2(R)-hydroxy-1 (S)-indanyl)-5(SH0 ,1 <limethylethoxy(^onyl)aminoH(S)'hydroxy-6-(4- 
hydroxyphenyl)-2(R)-phenylmethylhexanamide " ~ ' 

Step A: Preparation of N-methoxy-N-methyl-N / -2(SH(1.1^methylethoxycarbonyl)amino]-3-(4*benzylox- 
yphenyl)propionamide - 



To a stirred solution of N.O-dimethylhydroxyiamine hydrochloride (15.8 g f 162 mol) in 120 mL dry 

20 methylene chloride cooled to 0*C in an ice/water bath and under nitrogen was added N-methylpiperidine 
(19.7 mL, 162 mmol) such that the temperature of the reaction remained below 2* C. The clear solution was 
stored at 0* C until needed. 

To a stirred solution of N-BooObenzyl-L-tyrosine (50.0 g. 135 mmol) in 800 mL dry methylene chloride 
and 200 mL dry tetrahydrofuran cooled to -20* C in a dry ice/isopropanol/water bath and under nitrogen was 

25 added rapidly N-methylpiperidine (19.7 mL 162 mmol). The solution was allowed to warm to -12* C and 
isobutyl chloroformate (21.1 mL 162 mmol) was added rapidly such that the temperature of the reaction 
remained between -12* C and -8*C. After addition was complete the reaction was stirred at 0*C for 30 
minutes then the previously prepared solution of N,O<0methyihydroxylamine hydrochloride and N-methyl- 
piperidine in methylene chloride was added in one portion. The reaction was allowed to warm to 25 *C 

30 where it was stirred for 15 hours. After cooling to 0*C in an fee/water bath the reaction was washed with 
10% citric acid (2 X 200 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated to give 602 g tan solid. Crude product was dissolved in ethyl acetate and filtered through a 
pad of siOca gel (230-400 mesh, 400 g in a 2 I sintered glass funnel). The pad was rinsed with 3 I ethyl 
acetate and the filtrate was concentrated to give Step A product l s ^methoxy-N-methyhN'-2(SH(1 .1 - 

35 dimethytetho)cycartonyl)ami (51.8 g ( 92.8% yield), as a white fluffy 

solid, mp = 107-108* C; 



elemental analysis, Gated for C^taoNzOs (414.50): 



40 



Found: 



c. 


66.65; 


H, 


7.30; 


N, 


c. 


66.68; 


H. 


7.13; 


N, 



6.76; 

6.64; [ajo 55 = 5.6* (c = 1.7, methanol). 



Step B: Preparation of N-2(SH0 .1 Hflmethytethoxycartxmyl)am 

To a suspension of lithium aluminum hydride (2J22 g, 58.0 mmol) in 200 mL dry diethyl ether cooled to 
-40 C in a dry ice/isopropanol bath and under nitrogen was added dropwise a solution of Step A product, 

50 N-methoxy-N-methyi-N'-2(SH(1 ,1-dimemylethoxycaitw^ pionamide 
(20.5 g. 49.5 mmol), such that the temperature of the reaction remained between -36* C and -38* C. After 
addition was complete the reaction was warmed to 7*C t then cooled to -35* C and quenched by the 
addition of 40 mL 2.75 M potassium bisuifate. After warming to 25* C and stirring for 1 hour the mixture was 
filtered through a pad of Celite" with diethyl ether rinse. The filtrate was washed with 10% citric acid (3 X 

M 100 mL). water (1 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 mL). dried over anhydrous 
magn sium sulfate, filtered, and concentrated to give Step B productN-2(SH(1.1^im©thylemoxycarbonyi)- 
aminoh3-<4-benzyioxyphenyl)pro pionaldehyde (17.76 g, quantitative yield), as a white solid, mp = 98- 
99* C. [ag 5 = 27.4* (c = 1.6, methanol). 
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Step C Thru Step J: Pr paration of N-(1.1-dirnethyleth xycarbonyl)-5(S)-amino-4(S)-0 .1 -dimethyiethyl- 
1 ,1 ^imethylsilyi^)^4-ben^ acid 

Employing the procedure substantially as described in Example 1 , Steps A through J but substituting 
for the N-2(SH(1.1<*^thylethoxycarbonyl)amirtol-3-pheny( propionaldehyde th product of Step B, 13.4 g, 
there was produced in sequenc >the following: 



(Step C Thru Step E) 



N-3(SH<1,1-Dimethytetr»xyc^ * 9 ' 9 9 ' 74% yield) mp 87 " 



8C, 



elemental analysis, Calcd. for C2 2 H 27 U<h (353467): 





c. 


74.76; 


H. 


7.70; 


N, 


Found: 


C. 


74.85 


H. 


7.69; 


N, 



3.96. 



3.93. tab 25 = t6.23* (c = 1 f methanol). 



(Step F) 

1(RHMSMl\l niimethylemoxyc^ as an oil (77% yield) 

homogeneous by thin layer chromatography (silica gel. 25% ethyl acetate/hexanes). 



(Step G) 

(5S f 1 'S)-3-carboethoxy-5-(1 -<(1 \ l '-dimethyiethoxycarbony l)amino)-2-(4-benzyloxypheny l)-ethyl>- 
dihydrofuran-2-(3H)-one (79% yield) as a white solid, mp 117-119* C 



analysis, Calc'd for C27H33NO7 (483.567): 





C 


67.06; 


H, 


6.88; 


N, 


Found: 


C, 


66.94; 


H. 


6.96; 


N, 



2^0. 

251. [ab 25 = -11.27*. (c = 1.81, methanol). 



(Step H) 

(5S.1 'S)-3-carboethoxy-3-phenylmethy l-5-{1 -((1 .1 KiirrteOTylethoxycartxm^^ 
benzyloxymethyl)ethyl]dihydrofurarH3H)-one r (97% yield) as a dear glass which was essentially homo- 
geneous by TLC (50% diethylether/hexanes). 



Step I 

(3R.5S.1 # S)-3-benzyl-5-{1-((1 .1-dimethyiethoxycan^nyO^ 
dihydrofuran-2-(3H)-one f (38% yield) as a clear glass which was homogeneous by TLC (50% diethyl 
ether/hexane). The latter fractions of the chromatograpy gave 40% of a mixture of the 3S and 3R lactones. 



(Step J) 

N'-(1 .iKiimetrrylethaxycartx)^ 
benzytoxypr»nyl)-2(RHphenytrnethyr)-hexanoic acid, 94% yield, as a colorless foam. 
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Step K Thru Step L Preparation of N-{2(R>-hyclroxy-1(S>-indanyi)-5(SH(1 .1 ^imethylethoxycarbonyQaminoh 
4<S>-hydroxy-6-(4-hyclroxyphenyl)^2(RHphenylmeUiyO hexanamide 

Employing the procedure substantially as described in Examples I, Steps D through E t but substituting 
for the n'-{1 J^imethylethox7carbonyl>-5(Sharnino-4(SHl' t 1 -dimethylethyl-1 f l-dimethylsilyloxy)-6-phenyl- 
2(R)-(4-benzyloxyphenyimethyl)hexanoic acid the product of Step J, 0.350 g, there was produced in 
sequence, the following: 



(Step K) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5{SH1 .1 -dimethylethoxycarbony l)aminoJ-4(S)-hydroxy-6-(4- 
benzyloxyphenyl)-2(RHphenyimethyl) hexanamide, 343 mg (96% yield), as a white solid which was 
essentially homogeneous by TLC (3% methanoi/CHaCb). 



(Step L) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5(SH1 .1 -dimethylethoxycarbonylamino)-4{S)-hydroxy-6-{4- 
hydroxyphenyl)-2(R)-<phenyimethyl) hexanamide, 280 mg (92% yield) of pure product: mp 210-211 "C 
(effervescent) 



elemental analysis, Calc'd for C33H40N2O6 (560.696): 





c. 


70.69; 


H, 


7.19; 


N, 


5.00. 


Found: 


C, 


70.62; 


H, 


7.39; 


N, 


4.79. 



EXAMPLE 13 



Preparation of N-(2(R)-hydroxy-1 (SHndany l)-5(SH1 . 1 -dimethy lethoxycarbony lamino)-4(S)-hydroxy-6-(4- 
hydroxyphenyl)-2(RH4-hydroxyphenylmethyl)hexanamide 

Employing the procedure substantially as described in Example 12, Steps H through U but substituting 
for the (5S f 1S )-3-carboethoxy-^1-((1 ',1 '^imethylethoxycarbonyl)aminoh2-ph 

one the product of Example 12. Step G, 1.80 g, there was obtained in sequence the following (Step A 
through E). 



(Step A) 

(5S,1 S V3^tx>ethoxy-3K4-berizyloxyphenylmethyl)-5-I1 -((1 . 1 KJimethytethoxy(^onyl>arnino)-2-(4- 
benr/loxyphenyljethyllKjihydrofuran^Shnrone. 1.17 g (67% yield) as a clear resin essentially homo- 
geneous by TLC (50% ether/hexanes). 



(Step B) 

(3R5S.1 'SHH4-benzyloxyphenylmethy l)-5-{1 -((1 , 1 -dimethylethoxycarbonyl)amino)-2-(4- 
benzyloxyphenyl)ethyl]-dihydrofuran-2-(3H)-on . 0.65 g (65% yield) as a clear resin which was essentially 
homogeneous by TLC (25% ethyl acetate/h xanes). Th latter fractions of the chromatography gav a 30% 
yield of the 35 lactone. 



(Step C) 
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N*^U<iimethylethoxycarbonyl^ 
b nzyloxyphenyl)-2(R)-{4-ben2yloxyph nylmethyl)-hexanoic acid. 0.80 g (quantitative yield) as a coloriess 
foam, essentially homogeneous by TLC (5% methanol/CHCb). 



(Step D) ' 

N-(2(R)-hydroxy- 1 (Shindanyl-5(S)-{1 ,1 -dimethy!ethoxycarbonyl)amino]-4(S)-hydroxy-6-{4- 
benzyloxyphenyi)-2(RM4-benzyloxyphenylmethyl) hexanamide, 256 mg (95% yield) as a white solid, 
essentially homogeneous by TLC (2% methanol/CH2Cl2). 

(Step E) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5(SMU 
hydroxyphenyl)-2(RH4-hydroxyphenylmethyl) hexanamide hydrate. 196 mg (quantitative yield) as a white 
solid: mp 203-4 * C (effervescents sinters at 185*C), 



elemental analysis, caic'd for C3 3 H4oN 2 07*0.75 H 2 0 
(590.207): 





c. 


67.15; 


H. 


6.91; 


N. 


4.74. 


Found: 


C. 


66.96; 


H. 


6.68; 


N, 


4.64. 



EXAMPLE 14 



Preparation of N-{1 J^imethylethoxycarbonyQ-5(S)-a^ 
phenyl-hexanoyiieucyl-phenytalanyl amide 

Step A: Preparation of 4(SHn.1^'rnethytethoxycart>ony0am^ 

To a stirred solution ol 80 mL of commerciai 1 M zinc chloride in ether and 200 ml of dry 
tetrahydrofuran cooled to 0*C was added dropwise 120 mL of a commercial 1 M solution of vinylmag- 
nesium bromide in tetrahydrofuran. The mixture was cooled to -30* C and a solution of 10.0 g. 40.1 mmol) 
of N-2(SH1.1^imemy1ethoxycarto^ propionaldehyde in 200 mL of dry tetrahydrofuran 

was added slowly over 15 minutes, keeping the internal temperature at -30 ± 5*C. The reaction was 
allowed to warm to room temperature and stir for 90 minutes, then quenched by addition at 500 mL of 10% 
aqueous citric acid and extracted into 1 L of diethyl ether. The ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated to give a white solid. Crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; ethyl acetateihexanes; 15%:85%) to 
yield Step A product 4{SH0 .1 ^methylethoxycarbonyljam^ (6.7 g, 

60% yield), as a white crystalline solid. Further elution gave 1.0 g of the 4{S)-rrydroxy Isomer. 



Step B: Preparation of 4(SH(1 .1 -dimeftylemoxy<*rbony1)amto^ "P 0 "" 
tene 

The product from Step A, 1.62 g (5.8 mmol) was dissolved in 50 mL of methylene chloride and to it was 
added 5.1 mL of N,N-diisopropylethytamine and 5.1 mL of technical grade benzylchloromethyl ether. After 
stirring for 10 days at room temperature, th mixture was diluted with 150 mL of methylene chlorid and 
washed with 100 mL of 10% citric acid, dried over MgSCU and concentrated to an oil. Crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; diethyl 
etherhexanes; 15%:85%) to yield of Step B product 4(SH(1.l^methylethoxycarbonyl)aminoh3(S)- 
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(bertr/loxymemyl>-oxy-5-phenyM-pentene (2.0 g. 87%), as a white crystallin solid, mp 56-8* C; 





elem ntal analysis, Calc'd for C22H31NO4 (397.518): 


5 




C. 


72.52; 


H. ' 


7.86; 


N, 


3.52. 




Found: 


c, 


72.36; 


H t 


7.87; 


N, 


3.41. [ajo 25 = i 16.25 (C = 1.7, methanol). 



Step C: Preparation of 3(S)-[(1,1^imethylethoxycarbonyl)amino}-2(S)-(ben2yioxymethy0oxy^phenyl- 
propionaldehyde 

The product from Step B, 0.60 g, was dissolved in 12 mL of methylene chloride and 6 ml_ of methanol 
containing 0.125 g of sodium bicarbonate as a suspension. The mixture was cooled to -78* C and a stream 
of ozone was bubbled in until the blue color persisted (ca. 15 min). The mixture was purged with nitrogen 
and 1 mL of dimethyl sulfide was added. After warming to room temperature 100 mg of zinc dust and 0.18 
mL of glacial acetic acid were added. After 1 hour stirring, the mixture was filtered, diluted with 50 mL of 
methylene chloride, washed with 1 X 20 mL sat'd NaHC03, dried over MgSO* and concentrated to yield 
crude Step C product, 3(SH(1,1^imethylemoxyrartwnyl)am^ pro- 
pionaktehyde (0.60 g) f as a clear resin. The crude product was homogeneous by thin-layer chromatography 
(silica gel; diethyl ether:hexanes; 25%;75%). 



Step D: Preparation of ethyl (2R.3R,4R,5S), (2S,3R,4R,5S),(2S,3S,4R,5S) and (2R,35,4R,5S)-5-{(1,1- 
dimethytethoxycarbonyl)amino]-3-hydro hexanoate 

To a stirred solution of 0.60 mL of diisopropylamine in 5 mL of dry tetrahydrofuran cooled to -78* C was 
added 2.0 mL of 1.6 M n-butyliithum in hexanes. After 5 minutes, a solution of ethyl dihydrocinnarnate (0.48 
g. 2.7 mmole) in 2 mL tetrahydrofuran was added dropwise over 5 minutes. After an additional 5 minutes at 
-78* C. a solution of the crude product of Step C f 0.60 g {i.S mmoi), in 5 mL of dry tetrahydrofuran was 
added. The reaction mixture was allowed to warm to -40* C for 15 minutes, then quenched with 20 mL of 
10% citric add and extracted into 3 X 50 mL of diethyl ether. The combined organic extracts were washed 
1 X 50 mL of H2O. 1 X 50 mL safd NaHCCb, dried over MgSO* and concentrated to give a colorless oil. 
The crude product was taken up in 5 mL of ethanol and 20 mg of NaBH* was added. After 5 minutes the 
mixture was concentrated to dryness, diluted with 10 mL of 10% citric acid and extracted with 3 X 50 mL 
ethyl acetate. The combined organic extracts were washed 1 X 50 mL sat'd NaHCOa. dried over MgSO*. 
and concentrated to give an oil. Purification by medium pressure chromatography (silica gel E. Merck 
LobarTU size C column), elutihg with 15% ethyl acetate/hexanes gave first the <2R,3R,4R,5S) and 
(2S,3R,4R,5S) isomers, 0.14 g, as an inseparable mixture, then secondly 0.13 g of the (2S.3S.4R.5S) 
isomer. The latter fractions contained 0.19 g of ethyl (2R,3S,4R,5S)-5-[(1 t 1-dimethytethoxycarbonyl)-amino]- 
3-hydroxy-4-(benzyloxymethy0oxy-6i5h as a dear resin. 



Step & Preparation of 5(SH(1 J^'methytethoxyc^myl)^ 
phenyl-2-(phenylmethyl) hexanotc acid 

The (2R,3S,4R,5S) product of Step D, 0.19 g, was dissolved in 4 mL of 1,2-dimethoxyethane. and to it 
was added 4 mL of 1 M lithium hydroxide. The mixture was heated to 40* C for 30 minutes, allowed to cool 
to room temperature, then acidified with 10 mL 10% citric acid and extracted with 3 X 50 mL of diethyl 
ether. The combined organic extracts were dried over MgSOi and concentrated to give 0.18 g of crude 
carboxytic acid which was homogeneous by thin layer chromatography (silica gel plate; metha- 
notchloroform; 5%:95%). 



Step F: Preparation of N'-(1.1-dimethylethoxycartx3nyl)-5(S)-^ 
6-phenyl-2-(phenyim thyl) h xanoyi I ucyt-ph nylalanyl amide 



Th product of Step E f 0.18 g, was dissolv d in 4 mL of dry DMF, and to it was added 0.13 g of 
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leucinyl-phenylaianyl amide hydrochloric! hemihydrate, 0.046 g of 1 -hydroxybenzotriazole hydrate and 
0.095 g of dimethyh3-(3^imethylaminopropyl)carbodiirnide hydrochloride. Triethylamine, 92 mU was add d 
and th mixture allowed to stir at room temperature for 24 hours, then diluted with 50 mL of 10% citric acid 
and extracted with 3 X 50 mL of ethyl acetate. The combined organic extracts were washed with 70 mL of 
s water, 50 mL of sat'd NaHCOa. dried over MgSO* and concentrated to give 0.2 g of crude product 
purification by tow pressure chromatography on silica gel, eluting with 5% m thanol/chloroform gav 0.12 g 
of a clear resin. 

ro Step G: Preparation of N^.l^imethylethoxyca^^ 
(phenyimethyl) hexanoyl leucyl phenylaianyl amide 

The product from Step H, 0.12 g f was dissolved in 20 mL of absolute ethanol. and to it was added 100 
mg of 10% palladium on carbon and 5 mL of glacial acetic acid. The mixture was stirred under an 
/s atmosphere of hydrogen for 5 days at room temperature, then filtered and concentrated to dryness. The 
residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid was collected 
and dried under vacuum over P 2 Os. The yield was 0.040 g of product, mp 231-232* (C.H.N). 



EXAMPLE 15 



Preparation of N-(3(S)-hydroxy-4(S)-benzopyrany l)-N-<1 ,1 -dimethylethoxycarbonyi)-5(S)'amino-4<S)- 
25 hydroxy-6-phenyF2(RHphenylmethyl) hexanamide 

Step A: Preparation of tetrahydro-2H-beruopyrarKH4,3)oxazole 

so A mixture of 0.138 g of silver cyanate and 0.228 g of iodine in 5 mL of ether were stirred ai_room 
temperature for 1 hour. The reaction mixture was then cooled (ice-water bath) and a solution of 0.116 g of 
3-chromene in 1 mL of ether was added dropwise. The suspension was stirred vigorously at room 
temperature for about 4 hours and the precipitated silver salts filtered off. Methanol (5 mL) and a few drops 
of a solution of lithium methoxide in methanol, were added to the filtrate and the mixture stirred at room 

as temperature for 12 hours. Solvents were then evaporated, and the residue redissotved in a small volume of 
ether, washed with water, dried over anhydrous Na 2 S04. and evaporated to furnish iodo-carbamate. The 
crude iodo-carbamate was dissolved in 2.5 mL of digiyme and heated to 160* C for 12 hours. After 
evaporation of solvent the residue was chromatographed over silica gel (50% ethyl acetate-hexane as 
eluent) to give the Step A product 

40 

Step B: Preparation of as-4-aminochroman-3-ol, also known as (cis) 3-hydroxy-4-amino-benzopyran 

The oxazole from Step A was dissolved in 1 mL of methanol and 2 mL of 1 N methanolic potassium 
45 hydroxide was added. The resulting mixture was heated to 40* C for 12 hours. After this period, methanol 
was evaporated, and the residue diluted with water, and extracted thoroughly with a mixture (3:1) of 
chtorofomvether (3 X 10). The combined extracts were dried over anhydrous NazSO* and evaporated to 
afford the Step B amino-chromanol product which was used directly without further purification. 

50 

Step C: Preparation of ^(SVhydroxy^Sj-benzopyranylH^^I ,1 ^methylethoxycarbony l)-5(S)-amino-4- 
(SH1 .l'^memytefryH,1^imeOTylsirylox^ hexanamide 

N'-(1 J^imethyIethco<ycarbonyl>^(S>-amino^SH1 ' -1 '-dimethylethyl-1 ,1 -dimethylsilyloxy)-6-phenyl-2- 
55 (RHphenylmethyOhexanoic acid of Example 1, Step H, 0.054 g, was dissolved in 1.5 mL of dry DMF. and 
to it was added 0.020 g of 1-hydroxybenztriazole hydrate, 0.029 g of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodfimide hydrochloride and 0.018 g of cis-3-hydroxy-4-amino-benzopyran (racemic). Triethylamin was 
added to the stirring solution until the pH is 8.5. After stirring for 12 hours at r om t mperatur , the reaction 



63 



EP 0 337 714 A2 



was poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic 
extracts were washed with 10% citric acid, water, saturated aqueous NaHC03 solution and dried over 
anhydrous Na2S0*. Evaporation of the solvent gave a residue of a mixture of diastereomers which were 
separated by chromatography over silica gel (50% ethyl acetate/hexanes) to afford the pure isomers as 
colorless oils. * 



Step D: Preparation of n^3(SHiydroxy-4{S)-benzopyranyl)-N'-(l ,1-dimethylethoxycarbonyl)-5(S)"amino-4(S)- 
hydroxy-6-phenyl-2(RHphenylmethyl) hexanamide " ~" 

The bottom diastereomer (50% ethyl acetate-hexane) from Step C (0.022 g), was placed in a flask and 
to it was added 0.3 mL of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours 
at room temperature, the solvent was removed in vacuo , and the residue was extracted with ethyl acetate (2 
X 15 mL). The combined extracts were washed sequentially with brine and water and dried over anhydrous 
Na2SO*. Evaporation of the solvent gave a residue which was chromatographed over silica gel to afford the 
product as a white solid. 



EXAMPLE 16 



Preparation of N^2,3^hydroxypropyr)-N'-(1 .l^imethyletrttxycartxinyi^ 

(RHphenylmethyi) hexanoyl valyl amide " "~ 



Step A: Preparationof N '-(1,1-dimethyletrK)xycanbonyl)va^^ 

N'-<1 f 1-dimethylethoxycarbonyl)vaIine f 4.34 g, was dissolved in 100 mL of dry DMF, and to it was 
added 1.82 g of 1-amino-2,3-dihydroxypropane f 3.82 g of 1-ethy»-3-(3-dimethylaminopropyD carbodiimide 
hydrochloride, and 2.7 g of 1 -hydroxytenztriazole hydrate. Triethylamine was then added until the pH was 
as. The reaction was stirred for 2 hours, after which time ft was poured into 500 mL of water and extracted 
with 3 X 200 mL ethyl acetate. The organics were combined and extracted with 3 X 50 mL 10% citric acid, 
1 X 50 mL water, 1 X 50 mL of a saturated aqueous solution of NajCOa, 1 X 50 mL brine, dried (Na 2 SOO, 
and the solvent removed to give the Step A product without need for further purification. 

Step B: Preparation of N'-(1 .1 Kiimethylethoxycarborryr)-5(S)-amirK)-4(SH1 ' ,1 '-dimethyiethyM ,1-dimethyi- 
silytoxy)^henyt-2(RHpherryta 

The Step A product N'^1,1^imethylethoxycartxmyl)v^ .029 g. was 

dissolved in 10 mL of ethyl acetate and cooled to 0* C with an ice bath. HCI gas was then bubbled through 
the solution for 10 minutes after which time the solvent was removed. The residue was dissolved in 10 mL 
dry DMF, and reacted as in Step H above using .05 g n'-(1 ,1 ^imethyletfK5xycartwnyi)-5(S)-amino-4<SH1 ' 
,1 -otoethy!ethyM,1^nrethylsity acid from Step A in Example 

1. .019 g 1^y1-3^3KHmethytaminopropyO carbodiimide hydrochloride, and .014 g 1 -hydroxy benztriazole 
hydrate at a pH of 8.5 to give the Step B product which was purified by preparative thin layer 
chromatography (10% methanol/chtoroforrn saturated with ammonia). 



Step C: Preparation of N*-(1 ,1 -dimethytethoxycarbonyf)-5(^ 
(phenylmethyQ-hexanoyrvaryM^ 

The product from Step B, .047 g, was treated with 1 mL of a 1 M solution of tetrabutylammonium 
fluoride in THF in a similar manner as St p B. Example 2 to giv .023 g of the product (M.P. = 170-171 
0 C) after purification by preparative thin layer chromatography (10% methanol/methylene chloride). 
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EXAMPLE 17 



Preparation of N-(M thyt-S-arnir^SHjeoxy^-D-ribosyl^N^fl .1 -dimethy lethoxycarbonyl)-5(S)-amino-4(S>- 
hydroxy^-phenyl-2(R)-(phenylrne*hyl)h xanoyl vaiyl amide 



Step A: Preparation of Methyl-5-amino-5-deoxy-frD-ribosylvalamtde 

To a stirred solution of 0.50 g og n'-<1,1 -dimethy tethoxycarbonyl)-valine-hydroxy succinimide ester in 
10 mL of DMF was added a solution of 0.808 g of methy!-5-amino-5-deoxy-2 ( 3.0-isopropylidene-/3-r>ribose 
in 2 mL of DMF. After stirring the resulting mixture at room temperature for 12 hours, the solvent was 
removed in vacuo, and the residue diluted with 10 mL of brine and extracted with ethyl acetate (3 X 10). 
The combined extracts were dried over anhydrous NaaSOi and evaporated. The residue was chromatog- 
raphed over silica gel (50% ethyi acetate-hexane) to give methyl-5-amino-5-deoxy-2.3 ? 0-isopropy1idene-^- 
r>ribosy^'K1.lHJirnemylethoxycarbonyl) valamide. To a solution of 0.316 g of the above vaiamide in 5 mL 
of ethyl acetate-methanol (1:1) at -25* C. anhydrous hydrochloric gas was passed for 5 minutes. The 
resulting solution was stirred at that temperature for 2 hours and then nitrogen gas bubbled through. 
Evaporation of the solvent gave a residue which was washed with ether (2x) and dried under vacuum to 
give the Step A product amine hydrochloride salt as a white solid. 

Step B: Preparation of N-(Methyl-5-amtncH5<1eoxy-/3-{>ribosyl>-N^1 , 1 -dimethylethoxycarbonyl)-5(S)-amino- 
4(SH1* >1 -dimethy lethyH , 1 -dimethy lsilyloxy)-6-phenyt-2(R)-(phenylmethyl)*hexanoyl-valy I amid'e 

N'-(1 J-dimethy1ethoxycarbonyl)-5(S)-amino-4(SH1 ' ,1 '-dimethy lethy I- 1 ,1 Ktfmethylsilyloxy)-6-phenyl-2- 
(RHphenyimethyl) hexanoic acid,0.150 g, was dissolved in 8 mL of dry DMF, and to it was added 0.115 g 
of l-hydroxybenztriazole hydrate, 0.163 g of 1-ethy1-3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
and 0.235 g of Step A product methyl-5-amino-5-deoxy-^-D-ribosyl-valamide. Triethylamine was added to 
the stirring solution until the pH was 8.5. After stirring for 12 hours at room temperature, the reaction was 
poured into 10 mL of water and extracted with 3 X 15 mL of ethyi acetate. The combined organic extracts 
were washed with 10% citric acid, water, saturated aqueous NaHCOs solution and dried over anhydrous 
Na2SO*. Evaporation of the solvent gave a residue which was flash chromatographed over silica gel (5% 
methanol-chloroform) to afford the Step B product compound as a colorless oil. 

Step C: Preparation of N-<Methy l-5-amino-5-deoxy-0-Oribosy l)-N '-(1 ,1 -dimethy lethoxycarbony l)-5(S)-amino- 
4(SHiyo^xy-6-phenyt-2(RHphenylm amide 

The product from the previous step 0.170 g, was placed in a flask and to it was added 2 mL of a VM 
solution of tetrabutytammoflium fluoride in THF. After stirring for 12 hours at room temperature, the solvent 
was removed in vacuo , and the residue extracted with ethyl acetate (2X15 mL). The combined extracts 
were washed sequentially with brine and water and dried over anhydrous NaaSO*. Evaporation of the 
solvent gave a residue which was chromatographed over silica gel to afford the product as a white solid 
(mp 186-189* C). 



EXAMPLE 18 



Preparation of N-(2(R)-hydroxy-1 (SHndanyl)-N-(1 ,1 -dimethy lethoxycartx)nyl)-5(S>-amino^S)^ydroxy-6K2-- 
naphthyl)-2(RHphenylmethyl)hexanamide 

Step A: Preparation of N-( -2(R>-hydroxy-1 (SHndany l)N-(1 ,1-1,1 -dimethy lethoxycarbonyl)-5(S>-amino-4(S)- 
(1 ,1 *^dimethylethy H ,1 -dimethy tsity toxy)-6^2-naphthyW2(R 



65 



EP 0 337 714 A2 



10 



N (1,1-dimethylethoxycarbonyl)-5(S)-amino-4<S)-(1 .1 -dimethylethyl-1 ,1-dimethylsilyloxy)-6-(2-naph- 
thyi>-2fRHphenytmethyl)hexanoic acid. 0.068 g (0.118 mmol), [prepared in a similar manner as described 
for Example 1, Steps A-H but starting in Step A with N-2 (SH(1J-dimethylethoxycarbonyl)-aminoh3-(2- 
naphthyl)propionaldehyde], was dissolved in 2 mL of dry OMF. To this solution were added 0.025 g (0.13 
mmol) of EDC, 0.018 g (0.13 mmol) 'of HOBT, and 0.023 g (0.15 mmol) of 1 <S)-amino-2(R)-hydroxyindane. 
Triethylamine was added to the stirring solution until the pH was 8.5. After stirring at 25* C for 48 hours, the 
reaction mixture was poured into 20 mL of ice water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 1 X 50 mL of 10% citric acid, 1 X 50 mL of saturated aqueous 
sodium bicarbonate solution, and 1 X 50 mL of brine, dried (NaaSOi). Filtration and concentration gave 0.08 
g of the product which was used without further purification. 



is 



Step B: Preparation of N-(2(R)-hydroxy-1 (S)-indanyl)-N -(1 ,1 ^imethylethoxycarbonyl)-5(S)-amino-4{S)- 
hydroxy-6-(2-naphthyl)-2(R)-(phenylmethyl)-hexanoic carboxamide 

The product from Step A, 0.08 g, was dissolved in 1 mL of THF and to it was added 1 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 7 hours, the solvent was removed in vacuo, 
and the residue was treated with 20 mL of 10% citric acid solution to precipitate Step B product after 
chromatography on silica gel eluting with CHCb:CH30H, 97:3. An analytical sample was obtained by 
recrystallization from CH 2 Cl2:hexane. mp 198-200* C; 



25 



elemental analysis, Calcd. for C37H* 2 N 2 0s (594.76): 



Found: 



c = 


74.72; 


H = 


7.12; 


N = 


c = 


74.36; 


H = 


7.46; 


N = 



4.60. 
4.60. 



30 



EXAMPLE 19 



35 



Preparation of N-(2-benzimidazoly Imethy I)-n'-(1 ,1 -dimethy lethoxycarbonyl)-5(S)-amino^SHiydroxy-6- 
phenyt-2(HHphenylmethyl)-hexanoyl isoleucyl amide 



40 



45 



50 



55 



Step A: Preparation of N^1 t lKlimemylethoxy<arbonyl)isoteucyl(succinimide) 

A 15 g (0X)65 mole) quantity of Boc-isoleucine, 82 g of N-hydroxysuccinimide, and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After stirring at 25* C for 18 hours, the solution was added to 500 mL of water 
and extracted with 3 x 200 mL of ethyl acetate. The organic layers were combined, washed with 4 X 200 
mL portions of water, 200 mL of brine, and dried (Na 2 SOt). Filtration and concentration in vacuo gave 20.2 
g (95%) of Step A product mp 62-64* C. 

Step B: Preparation of N-g-benzimidazoly Imethy I)-n'-(1 ,1 -dimethylethoxycarbonyl)isoleucyl amide 

The product of Step A, 4.6 g (14 mmol), was dissolved in 70 mL of 1 ,2-dimethoxy ethane, and to it were 
added 5.9 g (28 mmol) of 2-aminomethyl-berurirnidazole dihydrochloride and 7.8 mL (56 mmd) of 
triethyiarnine. After stirring at 25 *C for 18 hours, the solvent was removed in vacuo and the residue was 
dissolved in 250 mL of ethyl acetate. This solution was washed with 3 x 100~mL portions of water. 100 mL 
of brine, and dried (Na^SOi). Filtration and concentration in vacuo gave 4.4 g (87%) of Step B product after 
chromatography on silica gel (CH 2 CI 2 :CH30H f 95:5). 



Step C: Preparation of N-{2-benzimidazolylm thylHsoleucyl amfde 

The product of Step B, 2 g (5.6 mmol), was dissolved in 50 mL of ethyl acetat and cooled to -25* C. 
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Hydrogen chloride gas was bubbled into\he solution for 0.75 hour or until TLC indicat d complete reaction. 
Nitrogen was bubble into the reaction as it was left to warm to ambient temperatur . Concentration in vacuo 
gave 1.6 g (86%) of Step C product. 

Step 0: Preparation of N^-beniimidazolyimethylhN^U-dim thyl woxycart>onyl)-5(S)-amino-4{SH1* .1'- 
dimethyl-1 j^imethylsTlyloxy)-6^henyl-2(RHphenylmethyl)"riexanoyl isoleucyl amide 

N-<1 .1 -dimethylethoxycarbonyl)-5(S)-amino-4(Sh(1 ' ,1 '-dimethylethyl-1 J <limethylsiIyloxy)-6-phenyi-2- 
(RMphenylmethylHtexanoic acid, 0.50 g (0.95 mmol), was dissolved in20 mL of DMF. To this solution were 
added 0.199 g (1.04 mmol) of EDC. 0.141 g (1.04 mmol) of HOBT, and 0.38 g (1.14 mmol) of N-(2- 
benzimidazolylmethyI)isoleucyl amide dihydrochloride. Triethylamine was added to the stirring solution until 
the pH was 8.5. After stirring at 25 *C for 72 hours, the reaction was poured into 100 mL of water and 
extracted with 2 X 100 mL of ethyl acetate. The combined organic extracts were washed with 3 X 50 mL 
portions of water, 50 mL of brine, and dried (Na 2 SOi). Concentration in vacuo gave 0.60 g (85%) of Step D 
product after purification of column chromatography on silica gel (CH2Ci2:CH20H t 95:5). 



Step E: Preparation of N-^-benzimidazolylmethyfrN^I ,1"dimethylethoxycarbonyl>-5(S>-amino-4(S}- 
hydroxy^6-phenyl*2(R)-(phenylmethyl)-hexanoyl isoleucyl amide 

The product from Step D, 0.60 g (0.081 mol), was dissolved in 7 mL of THF and to it was added 7 mL 
of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 18 hours, the solvent was 
removed in vacuo, and the residue was treated with 100 mL of water to precipitate 0.50 g (95%) of the title 
compoundT after chromatography on silica gel (CHCb saturated with ammonia:CH30H ( 95:5). mp 232- 
233 *C. 



Elemental analysis Calcd for CsahUsNsOs: 





C = 


69.59; 


H = 


7.53; 


N = 


Found: 


C = 


69.66; 


H = 


7.56: 


N = 



EXAMPLE 20 



Preparation of N-(1 ,1 KJimethylethoxycarbonyl)-5(S)-am^ 
1 *yl)hexanoyKSH)henylgiycyH2-hydroxyethyl)-amide 

Using the general procedure outlined in Example 1, Step F, (5S, l'S) 3-carbethoxy-5-(1-((1,1- 
dimethylethoxycarbonyl)amta^^ (4.15 g, 11.0 mmol) was alkylated 

with cinnamyl bromide (2.17 g. 11.0 mmol) to give (5S f l'S) 3^arbemoxy-3^3'-phenylprop-2%m^ '-yi}-5-(1 - 
((1.1^irnetftylethoxyca^ (5.43 g). This material (5.43 g. 

11.0 mmol) was decarboxylated (Example 1, Step G) to give (3R.5S.1 S) 3-(3'phenyJprop-2'-erM^ 
(1,1-<fimethytethoxyc3rtx>^ (2.50 g). Following Example 1. 

Step H, the aforementioned lactone (2.50 g. 5.9 mmol) was hydrolyzed, silylated, and rehydrolyzed to give 
N^1jKiimemyletr»xycan^ .1 '-dimethyfethy 1-1,1 -dimethylsily loxy)-6-phenyf-2-(R>- 

(3'-phenylprop-2-en-l'-yl>-hexanok: acid (2.14 g). This material (0.31 g, 0.6 mmol) was coupled to (Sh 
phenylglydne-2-hydroxyethyl amide (0.14 g. 0.6 mmol) according to Example 1, Step I to give N-(1,1- 
dimetfryietfttxyca^ ' ,1 '-dimethy lethyM ,1 -dimethylsilyloxy)-6-pheny»-2(RH3 - 

phenylprop-2-en-l'-yl-)hexanoyl (S)-phenyigycyl-2-hydroxyethyl amide (0.085 g). This silyl ether (0.085 g. 
0.12 mmol) was deprotected according to Example 1. Step J to give the title compound (0.039 g). mp 198- 
200* C. 



EXAMPLE 21 
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Preparation of N-(1 (R)2(SHii hydroxy <3(S)-indanyl)-N'-(1 ,1 ^imethylethoxycarbonyi)-5(S)-arnino-4(S)- 
hydroxy-6-pheny l-2(R)-(3 -phenyiprop-2 -en-1 -yl)-hexanamide 

According to Example 1, Step l,N'-(1 jKJimethylethoxycarb^ 
1 .1-dimethylsiiyloxy)-6-phenyl-2(R)-(3 / -phenyiprop-2 en-l '-yl)hexanoic acid (0.15 g, 0.27 mmol) was coupled 
to l(R) t 2(S)-dihydroxy-3(S)-aminoindane (0.045 g, 0.27 mmol) to give N'^1 f lHjimethylethpxycarbonyl)-5(S)- 
amino-4(SH 1 ' ,1-dimethylethyM J-dimethylsilyloxy)-6-phenyl-2(R)-(3'-phenylprop-2'-en-r-yl)hexanoyl-1(R)- 
,2(S)-dihydroxy-3(S)-aminoindane (0.19 g). This material (0.19 g. 0.27 mmol) was deprotected according to 
Example 1. Step J to give the title compound, (0.11 g). mp 218-219* C. 



EXAMPLE 22 



Preparation of N-(2-hydroxyethyl)-N -(1 > 1<limetr^ethoxycarbonyO"5(S)-amino^S)-hydroxy-6-^henyh2(R)* 
(phenylthiomelhyl)hexanoyl-(S)-phenylglycyl amide 

According to Example 1. Step F, (5S.1S) 3-carbethoxy-5-(1-({1 ,1-dimethylethoxycarbonyl)amino)-2- 
phenylethyl)dihydrofuran-2-(3H)-one (5.8 g, 15.37 mmol) was alkylated with phenyl thiomethyl chloride (2.44 
g, 15.37 mmol) to give (SS.l'S) 3-caitemoxy-3-(phenylthiomethyl)-5-(1-W^^ 
)amino)-2-phenylethyl)-dihydrofuran^3H)-one (8.58 g). This material (8.58 g . 17.2 mmol) was decarbox- 
ylated according to Example 1, Step G. to give (3R,5S,l'S) 3-(phenylthiomethyl)-5-(1((l,1-dimethylethox- 
ycarbonyi)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one (1.3 g). Again, following Example 1, Step H, the 
decarboxylation product (1.3 g, 3.04 mmol) was hydroryzed, silylated, and rehydrolyzed to give N -(1,1- 
dimethy lethoxycarbony l)-5(S)-amino-4(SH1 ' .1 KJimethylethyM ,1 -dimethylsiryloxy)-6-phenyl-2(RHphe- 
nylthiomethyl)hexanoic add (0.80 g). This material (0.35 g, 0.63 mmol) was coupled to (S)-phenylglycine-2- 
hydroxyethyl amide (0.43 g. 1.87 mmol) according to Example 1, Step I to give N'-<1,1-dimethylethyM,1- 
dimethyl$ily1oxy)-6-phenyl-2(R}- (phenytthiomethyl)hexanoyKS)^henylglycyh2^ydrox7ethylamide (0.34 g). 
This silyi ether (0.33 g f 0.45 mmol) was deprotected according to Example 1, Step J to give the title 
compound (0.01 g) t mp 158-159* C. 



EXAMPLE 23 



Preparation of N-{2(R)-hydroxy-1 (SHndanyl)-N'-(l t lKfimethyletru)xycarbonyl)-5(S)-amino-4(SHiydroxy^ 
phenyl-2(RH(4-(1 .1 -dimethyiethyl)phenyl)methyl)-hexanamide 

According to Example 1, Step F, (5S f l'S) 3H*rbetrwxy-5^H(1.1-dirne^ 
phenylethyl)dihydrofuran-2-(3H><)ne (228 g, 6.05 mmol) was alkylated with 4-(1,1-<Smethylethy1)- 
phenylmethyl bromide (1.37 g. 6.05 mmol) to give (5S,l'S) 3-carbethoxy-3-(4-(1 ,1-dirrtethyiethyf)- 
phenylmethyl)-5-(1 -((1 J -dirnethy lethoxycarbony t)amino)-2-pheny lethy IHJihydrofuran-2^3H)-on8 (3.1 7 jg). 
This material (3.17 g. 6.05 mmol) was decarboxylated according to Example 1. Step G, to give (3R,5S,l'S) 
3K4K1.1-dimethyletriyl)pheny^ 

2-(3HH>ne (0.60 g). Following Example 1. Step H t the decarboxylation product (0.60 g. 1 .33. mmol) was 
hydrolyzed, silylated. and rehydrolyzed to give N-(1 J<fimethethoxycarborryl)-5(S)-^ 
dimemylethyM.1-dimemysilytc»v acid (0.22 g). 

This material (0.14 g, 024 mmol) was coupled to 1(S)-amino-2(RHiydroxyindane (0.043 g. 029 mmol) 
according to Example 1. Step I. to give n'-(1 J^imethylethoxy<»rbonyl)-5(S)-amino-4(S)- (1* /T- 
dimemyiemyM.l^imetrrylstlylaxy)^^ 

(RHiydroxyindane (0.172 g). This silyl ether (0.172 g, 024 mmol) was deprotected according to Example 1, 
Step J. to give the title compound (0.067 g), mp 187-189* C. 
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EXAMPLE 24 



Preparation of rH2-benzimida2olylmethyl)-N^ 
phenyl-2(^phenylmethyl)h xanpyiisoleucyl amide 

Step A: Preparation of N-(2-benzimidazorylmethyl)-5(S)-amin^ 
hexanoyl Tsoleucyl amide 

N-(2^enzimidazoiy Imethy I)-n'-<1 , 1 Kjimethyletrwxycarbonyl)-5<^^ 
(phenyimethyl)-hexanoyl isoleucyl amide. 0.08 g (0.12 mmol) was dissolved in 10 mL of CH 2 CI 2 with stirring 
and cooRng in an ice water bath under argon. To this solution was added 2 mL of trifluoroacetic acid. After 
stirring at 0* C for 2 hours, the reaction was concentrated in vacuo , and the residue partitioned between 100 
mL of CH 2 C1 2 and 50 mL of saturated aqueous sodium bicarbonate solution. The organic layer was 
separated, washed with 50 mL of brine and dried (Na 2 SOi). filtered and concentrated in vacuo to give 0.065 
g (97%) of N-(243enzimidazoiymethyl)-5(S)-am^ 
isoleucyl amide. 

Step B: N-(2-teruimidazolylmethyl^ 
(phenylmethyl)-hexanoyl isoleucyl amide 

The product from Step A, 0.065 g (0.12 mmol), and 0.185 g (0.68 mmol) of isonicotinoyl p-nitrophenyl 
carbonate were dissolved in 6 mL of dry DMF. After stirring at 25 # C for 18 hours, the reaction was 
dissolved in 50 mL of CH 2 C! 2 , washed with 5 X 25 mL portions of 5% sodium hydroxide solution. 25 mL of 
brine, and dried (Na 2 SOi). Filtration and concentration in vacuo followed^by chromatography on silica gel 
(CH 2 CI 2 :CH 3 OH, 955) gave 0.016 g (20%) of title compound, mp 210-212* C; 



elemental analysis Calcd. for C^HtefvfcOs # 0.75 H2O: 



Found: 



c = 


60.20; 


H = 


6.80; 


N = 


c = 


68.14; 


H = 


6.62; 


N = 



11.93. 
11.81. 



EXAMPLE 25 



Preparation of Dilithium N-(2-phosphoryloxyethyl)-N '-{1 JKiimethylethoxycarbo^yl)^(SK^^ino^4(S)-hydroxy^ 
6i3heny^2(RHphenylmemyl)hexarK)yMeucine amide 



Step A: Preparation of Methyl N-(1 .1 <iimetrrylethoxycarbonyl)-5(SVam^ 
(phenyimethyl)hexanoyHsoleucmate 

A solution of 170 mg (0.32 mmol) of N'-(1.lKiimethyletrwxy^ 
silyioxy)^henyl-2(RHphenyimethyl)hexanoic acid, prepared as described in Example 1, Step H, was 
dissolved in 1 mL DMF. To this solution was added 47 mg (0.35 mmol) 1 -hydroxybenzotriazole hydrate, 68 
mg (0.35 mmol) dimethy^Wirnethyiami hydrochloride and 64 mg (0.35 mmol) 

isoteucine methyl ester hydrochloride. After 5 minutes, triethytamine (98 uL, 0.70 mmol) was added and the 
mixture 'was stirred overnight The product was partitioned between EtOAc and 10% citric acid and the 
organic phase was washed with water and brine. After drying (NazSO*), the solvent was evaporated to give 
250 mg of an oil which was purified by chromatography on silica (10% EtOAc/hexane). This material (220 
mg) was dissolved in 2 mL 1 M tetrabutylammonium fluorid in THF. After stirring overnight, the mixtir was 
diluted with ether and washed with 10% citric acid, water and brine. After drying, the solvent was 
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evaporated to give 171 mg f mat rial which was chromatographed on silica (2:1 hexane/EtOAc). There was 
obtained 153 mg of th Step A product as a white solid. 



Step B: Preparation of N-(2-hydroxyethylhN ^1,1-dim thyl thoxycartx)nyl)-5(ShamincH4{S)-hydroxy^ 
phenyl-2(RHphenylmethyl)hexanoyHeucine amide 

The methyl ester obtained in Step A (0.28 mmol) was dissolved in 3 mL DME and 0.6 mL 1 N LiOH 
was added followed by 1 mL water. The mixture was stirred 1 hour at room temperature and overnight at 
4* C. This mixture was allowed to warm to room temperature over 2 hours, diluted with 10% citric acid and 
the product was extracted into EtOAc. The extract was washed with water and brine. The extract was dried 
(Na 2 SOO and evaporated to give 125 mg of a white solid. This solid was dissolved in 2 mL DMF with 1- 
hydroxybenzotriazoie (28 mg, 0.28 mmol), ethanolamine (34 uL, 0.56 mmol) and dimethyi-3-(3- 
dimemyiaminopropyOcartoodiimide hydrochloride (54 mg, 0.28 mmol). After stirring overnight, the mixture 
was diluted with water and extracted with EtOAc. The extract was washed with 10% citric acid, water and 
brine. After drying (Na 2 SOO, the solvent was evaporated to give a white solid. The solid was stirred with 
EtOAc and a white solid weighing 5.4 mg was isolated by filtration. RecrystaJlization from acetone gave 30 
mg of the Step B product mp 202-204* C. 



Step C: Preparation of N-(2-dibenzy Iphosphory loxyethyl^N'-Q , 1 -dimethy lethoxycarbony l)-5(S)-amino-4(S)- 
hydroxy-6j3henyl-2(RHphenylmethyl)hexanoyHeucine amide 

The phosphorylating agent [bis(benzyloxyHN,N<iiisopropylamino)phosphine] used in the following 
procedure is described in W. Bannwarth and A. Trzeciak, Helv. Chim. Acta. 70, 175 (1987). 

The compound prepared in Step B (21.7 mg, 0.038 mmol) was dissolved in 0.5 mL DMF and 15 mg 
(0.043 mmol) of bis(benzyloxyHN,N-dfisopropylamino)phosphine was added followed by 3.9 mg (0.056 
mmol) tetrazole. After 2 hours, an additional 11 mg of the phosphine and 3 mg of tetrazole were added and 
stirring was continued overnight A quantity of m-Chloro-peroxy benzoic acid (30 mg of 65% purity, 0.056 
mmol) was added and the mixture was stirred for 1 hour. The mixture was diluted with EtOAc and washed 
sequentially with 5% NaHS0 3 , 10% NaHC0 3 and brine. After drying, the solvent was evaporated and the 
residue was chromatographed on 5 g silica gel (2J5% MeOH/CHCh). There was obtained 22.2 mg of Step C 
product 



Analysis Caicd. for G^HizNaOe: 





C = 


67.46; 


H * 


&31; 


N = 


7.3a 


Found: 


C = 


6720; 


H = 


8.37; 


N = 


7.32. 



Step D: Preparation of Oilithium N^2^rTOsphoryloxyethyt)-N'^1,^ 
hydroxy-6-pheny1-2(RHphenyimethyl)hexanoyi-leucine amide 

The product of Step C (19.6 mg t 0.024 mmol) was dissolved in3 mL 95% ethanol and 19 mg 10% PaVC 
was added. This mixture was stirred 4 hours under an atmosphere of hydrogen. Lithium hydroxide (48 L of 
1 N) was added and the mixture was filtered through Celite. The Celite pad was washed with ethanol and 
water. The solvents were removed on a rotary evaporator and the residue was redissolved in 2 mL water. 
The cloudy solution was filtered through Celite and lyophiiized to afford 16.7 mg of the title compound as a 
fluffy white powder. 'H-NMR (O2O) 5 (Chemical shift data relative to water peak assigned 5.50 ppm.) 7.29- 
7.05 (10H f m); 35 <1H, d); 3.64 (3H f m); 3.42 (1H. m); 3.16 (2H. t); 2.86-2.5 (6H, m); 1.5-1.8 (3H, m); 1.19 
(9H. s); QMS (1H, m); 0.7 (6H ( m). 



EXAMPLE 26 
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Preparation of N-(2-(2*(2-fnethoxyethoxy)ethoxy)ethy(>N'-(1 t 1<iimethyiethoxycarbonyl>-5(S)-amino-4(S)- 
hydroxy-6-phenyl-2(RHpri nylmethyi)hexanoyl vaiyl amide 



s Step A: Preparation of 2-[2-(2-methoxy thoxy)ethoxy]-ethyl tosylate 

9 

Powdered KOH (10.6 g. 0.20 mol) was suspended in anhydrous diethyl ether (250 mL) and cooled to 
0*C under an argon atmosphere. Triethylene glycol monomethyl ether (23.9 mL, 0.15 mol) and p-toiuene 
sulfonyl chloride (30.5 g, 0.16 mol) were added sequentially to the suspension. The progress of the reaction 

io was monitored by thin layer chromatography. After stirring for 16 hours, additional powdered KOH (2.5 g, 
0.04 mol) and triethylene glycol monomethyl ether (1.0 mL 0.006 mol) were added to the reaction mixture. 
After another 2 hours no p-toluenesulfonyl chloride was present in the reaction mixture. The reaction 
mixture was filtered of solids and the filtrate was washed with water, and brine, dried (MgSO*), filtered, and 
concentrated in vacuo to give 46.5 g of Step A product as a colorless oil. 'H-NMR (CDCI3) 6 2.45 (s. 3H): 

75 3.38 (s, 3H); 3T531ST2H); 3.60 (m. 6H); 3.68 (t 2H); 4.16 (t, 2H); 7.32 (d, 2H); 7.80 (d, 2H). 



* Step B: Preparationof 2-[2-(2-methoxyethoxy)ethoxyhethyl phthalimide 

20 Potassium phthalimide (40.7 g, 022 mol) and the product of Step A (46.5 g, 0.146 mol) were mixed 
together in anhydrous dimethyl formamide (150 mL) and heated at 120* C for 2 hours under an argon 
atmosphere. The reaction mixture was cooled to room temperature, diluted with diethyl ether (600 mL) and 
filtered through Celite. The filtrate was concentrated in vacuo to give an oil. This oil was dissolved in diethyl 
ether (225 mL). and the ether solution washed with water, 0.1 N NaOH, and brine, dried (MgSO*). filtered 

25 and concentrated in vacuo to give another oil. This oil was triturated with water, causing some solid to 
crystallize out TheVolid was filtered and the filtrate extracted with methylene chloride (2 X 75 mL). The 
combined extracts were dried (MgSO*), filtered, and concentrated in vacuo to give Step B product (24.4 g)- 
as a colorless oil. 'H-NMR (CDCb) « 3.33 (s, 3H); 3.48 (m. 2H); 3.60 (m, 4H); 3.66 (m, 2H); 3.75 (t 2H);-3.91 
(t, 2H); 7.70 (m, 2H); 7.84 (m. 2H). 

00 

Step C: Preparation of 2-[2-(2-methoxyethoxy)ethoxy]-ethyl amine 

The product of Step B (24.3 g, 0.083 mol) was dissolved in ethanol (100 mL) and hydrazine (265 mL, 
35 0.83 mol) was added. The reaction mixture was heated to reflux and a copius white solid precipitated out 
The reaction mixture was cooled to room temperature, diluted with ethanol (500 mL) and filtered. The filtrate 
was concentrated in vacuo to give an oil. This oil was combined with the solid from above, mixed with water 
(250 mL) and the pH adjusted to 2i) by addition of concentrated hydrochloric acid. An insoluble solid was 
filtered and the filtrate was made strongly basic by addition of 10 N NaOH. This solution was extracted with 
40 methylene chloride(4 x 100 mL). The methylene chloride extracts were combined, dried (NaOH) and 
concentrated in vacuo to give 12.1 g of oil. This oil was chromatographed on silica gel e luted with 5% 
methanol in chloroform, saturated with ammonia to give Step C product (9.57 g) as a colorless oil. 'H-NMR 
(CDCb) * 1.54 (s, 2H); 2.87 (t 2H); 3.38 (s, 3H); 3.52 (t 2H); 3.56 (m. 2H); 3.66 (m, 6H). 

45 

Step D: Preparation of N-(tert-butoxycarbonyl)-L*valine succinimide ester 

NKtert-butoxy cart»onyl)-L-valine (5.02 g, 0.023 mol), N-hydroxy succinimide (2.88 g. 024 mol), and 1- 
(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (4.89 g, 0.025 mol) were dissolved together in 
so anhydrous dimethylformamide (25 mL). After stirring for 16 hours at room temperature, the reaction mixture 
was concentrated in vacuo to remove solvent The residue was partitioned between ethyl acetate and 10% 
aqueous citric actcE The organic phase was separated, washed with saturated aqueous NaHCOa, brine, 
dried (MgSO*), filtered and concentrated in vacuo to give 633 g of a white solid. 1 H-NMR (CDCI3) * 105 
(m. 6H); 1.46 (s, 9H); 230 (m, 1H); 2.85 (s, 4H); 4.60 (dd, 1H); 5.02 (d. 1H). 



Step E: Preparationof N^2^2H2-methoxyethoxypethoxy)ethyl]vafine amide hydrochlorid 
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The product of Step 0 (130.5 mg, 0.41 mmol) and the product f Step C (73 mg, 0.45 mmol) w re 
dissolved together in dimeth xyethane (1.5 mL) at room temperature under an atmosphere of argon. After 4 
hours, the reaction mixture was concentrated in vacuo to remove solvent and th residue was chromatog- 
raphed on silica gel using a gradient elution "of 0-5% methanol in chloroform. This gave 108.5 mg of a 
5 colorless oil as product. 'H-NMR (CSda) 5 0.90 (d, 3H); 0.95 (d. 3H); 1.45 (s, 9H); 2.10 (m, 1H); 3.40 (s. 
3H); 3.48 (m. 2H); 3.58 (m, 4H); 3.62 (m, 6H); 3.92 (t.1H); 5.15 (d. 1H); 6.40 (br.s. 1H). This oil was 
dissolved in ethyl acetate (5 mL) and cooled to 0*C. Hydrogen chloride gas was bubbled into the solution 
vigorously for 20 seconds and then stopped. After another 15 minutes at 0*C. the reaction mixture was 
concentrated in vacuo to give 76.8 mg of a non-crystalline solid as the Step E product. 



Step F: Preparation of N-(2-(2-(2-methoxyethoxy>-ethoxy)ethyl)-N -(1 t 1-dimethylethoxycarbonyi)-5(S)-amino- 
4(S)-hydroxy-6"phenyt-2-{R)-(phenylmethyl)hexanoyl vaiyt amide 

75 5(SHert-butoxycarrxwylamino-2(R^ acid (98 

mg. 0.186 mmol). 1 -hydroxy benzotriazole (28.9 mg, 0.208 mmol), 1-{3-dimethylaminopropyl)-3-ethyl car- 
bodiimide hydrochloride (40.2 mg, 021 mmol) and the product of Step E (69 mg, 0231 mmol) were 
dissolved together in anhydrous dimethyl formamide (4.5 mL). Triethyl amine (70 ul. 0.502 mmol) was 
added to the solution and the reaction mixture was stirred at room temperature for 16 hours under an 

20 atmosphere of argon. The solvent was removed in vacuo and the oil residue was partitioned between ethyl 
acetate and 10% aqueous citric add. The organic phase was separated and washed with brine, dried 
(MgSOi), filtered and concentrated in vacuo to give an oil weighing 176.8 mg. This oil chromatographed on 
silica gel eluted with a gradient of 0-3% methanol in methylene chloride to give 135 mg of a colorless oil. 
This oil was dissolved in a 1 molar tetrahydrofuran solution of tetrabutyl ammonium fluoride (3 mL) and 

25 stirred at room temperature for 16 hours. The reaction mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and 10% aqueous citric acid. The organic phase~was separated, washed 
with saturated aqueous NaHC03 and brine, dried (MgSO*) and concentrated in vacuo to give 108 mg of oil. 
This oil wash chromatographed on silica gel eluted with 10% ethanol in hexane to give 35 mg of the title 
compound as a white solid. 'H-NMR (C0CI 3 ) i 0.79 (d. 3H); 0.84 (d. 3H); 1.36 (s, 9H); 1.73 (m, 2H); 2.00 (m, 

30 1H); 2.66 (dd, 1H); 2.86 (m f 4H); 3.33 (m, 5H); 3.56 (rn, 12H); 4.13 (t, 1H); 5.00 (d, 1H); 7.00 (d. 2H); 7.17 
(m f 10H). 



35 



Analysis Calcd. for CaeHssNaOa # 1/2 C 2 KkO: 



Found: 



c = 


6527; 


H = 


8.59; 


N = 


c = 


65.19: 


H = 


8.34; 


N = 



6.17. 
625. 
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EXAMPLE 27 



45 



Preparation of N -(1 ,1-dimethylethcocycarbc<iylH^ 
phenylalanine amide 



50 



55 



Step A: Preparation of N'-(1 J-o!methylethoxycarbonyl^ 
Q-benzytglirtamyl)-phenylalanine amide 

To a solution of Glu (TOCH 2 C6HshPhe-NH 2 *HC1 (820 mg. 0.00195 mole). Boc ACHPA'OH (590 mg, 
0.0019 mole), and 1 -hydroxy benzatrtazote (800 mg, 0.0059 mole) in N.N-dimethylfomiamide (10 mL) cooled 
at -20 *C was added N-methylmorpholine (1.0 mL 0.009 mole) followed by 1 -ethy l-3-<3- 
dim thylaminopropyl) cartxxiiimide^ydrochloride (375 mg, 0.0019 mole). After addition of another 0.7 mL 
of N-methylmorpholine (pH-8), the reaction mixture was stirred under N2 at about -20* C for 2 hours and at 
room temperature overnight (20 hours). Th solution was concentrated in vacuo and the residue taken up in 
ethyl acetate and 10% aqueous citric acid. The ethyl acetate solution" was washed with water, aqueous 
NaHC03. and brine, and dried over Na2S04. Filtration and vaporation gave a pal yellow residue, which 
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was triturated with ether to giv th Step A product as a white solide (1.15 g. 90% yield), mp 147-150 C. 



Analysis Calcd. for CarH^^Os Nat Wt 680.855 





C = 


65.27; 


H = 


7.70; 


N = 


Found: 


*C = 


65.41; 


H = 


7.81; 


N = 



8.23. 
8.34. 



70 



TS 



Step B: Preparation of J<limethylethoxycarbonyl)^ 
glutamyl-phenylalanine amide 

A mixture of Boc ACHPA-G!u (yCHzCsHs) PheNH 2 (1.1 g, 0.0016 mole) and 10% palladium on 
activated carbon (60 mg) in methanol (25 mL) was stirred under a hydrogen atmosphere for 4 hours and 
then filtered through a pad of Super-col. The filtrate was concentrated in vacuo and the residue recrystal- 
lized from methanol to give th© title product as a colorless crystalline solid (560 mg t 56% yield), mp 
>180'Ceff. 



20 



Analysis Calcd for CaoH^NiOs # CH 3 OH, 



Found: 



c = 


59.79; 


H = 


8.09; 


N = 


c = 


59.43; 


H = 


8.18; 


N = 



9.00. 
9.06. 
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EXAMPLE 28 



30 



Preparation of N-(3-dimethy laminopropy l)-N'-(1 , 1 -dimeu^y!ethoxy(an^nyl)-5(S)-arnino-4(S)-hydroxy*6- 
phenyl-2(R*)-(phenylmethyl)hexanoyl valyl amide 



35 Step A: Preparation of n'-<1 J-dimethylethoxycarbonyf)-5(S)-amino-4(SH1 ' .1 '-dimethytethyM ,1-dimethyl- 
silytoxy)-6-phenyl-2(RHphenylmethyl)hexanoyl*N*(4 ,4 -dimethylamino propyi)valyt amide 

N-(1 ,1-dimethylethoxycarbonyl)-5(S)-amtno4(SH'l ' .1 '-dimethylethyM ,1-dimethyisiiy1oxy)-6iDhenyl-2- 
(RHphenylmethyl)hexanoyl-valine, 0.2 g. was reacted with 0.04 g of 4 f 4-dimethylaminopropyl amine, 0.075 
40 g l-elhyl-3-{3-dimethylaminopropyl) carbodiimide hydrochloride, and 0.053 g 1 -hydroxybenztria2ole hydrate 
using triethylamine to adjust the pH to 8.5 as in Step A, Example 2. to give the Step A product after 
purification of preparative thin layer chromatography (10% methanol/chtoroform saturated with ammonia). 

45 Step B: Preparation of n'-(1 ,1-dimethylethoxycart)ony1)-5(S)-amino-4{^ 
(phenylm^yl)-hexanoyMv|-(4\^-dimetrtylaminoprDpyl)vaiyl amide 

The product from Step A, .18 g, was treated with 2 mL of a 1 M solution of tetrabutylammonium fluoride 
as in Step A, Example 2, to give .078 g of the product (mp 175-177 0*C) after purification by preparative 
so thin layer chromatography (10% methanol/methylene chloride). A sample of this product 0.03 g, and maieic 
acid. 0.006 g, were dissolved in 10 mL of methanol and stirred for 10 minutes, after which time the solvent 
was removed and the resulting solid recrystallized from ethyl acetate/methanol to yield 0.027 g of the 
product as the maJeate salt (mp 125-127 0* C). 



55 



EXAMPLE 29 
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Preparation of N-Benzyl-2(SHN-2($H(1»1^'fflethyieft 
hydroxy-2-propyl]-1(R>-cyclopentane carboxamide ("cis-Tyr-Pro") 

5 Step A: Preparation of N-6(SH(1.1 -dimethyl thoxycarbonyl)amino]-7-(4-ben2yloxyphenylHZ)*4-heptenoic 
acid 

To a stirred suspension of 4-carboxybutyltriphenyl phosphonium chloride (77.4 g, 201 mmol), {prepared 
as described by D.B. Denney and LC. Smith. £ Org. Chem. , 27, 3404 (1962)) in 400 mL dry 

w tetrahydrofuran cooled to 0*C in an ice/water bath and under nitrogen was added dropwise a solution of 
potassium bis(trimethylsilyl)amide in toluene (505 ml, 0.692 M, 349 mmol) such that the temperature of the 
reaction remained below 0.8* C. After addition the reaction was stirred at 0* C for 5 hours, cooled to -75* C 
in a dry ice/isopropanol bath, and a solution of N-2(SH(^1^i^ethylethoxycart)onyl)-amino}-3-(4-ben2ylox- 
yphenyOpropionaldehyde (17.7 g, 49.5 mmol) in 200 mL dry tetrahydrofuran was added dropwise such that 

75 temperature remained below -73* C. After addition was complete, the reaction mixture was allowed to slowly 
warm to 25* C where it was stirred for 18 hours. Reaction was quenched by the addition of methanol (40 
mL) and concentrated under reduced pressure. The residue was taken up in ethyl acetate (200 mL) and 
10% citric acid (200 mL), the organic phase was collected, and the aqueous phase was extracted with ethyl 
acetate (3 x 100 mL). The combined organtcs were washed with saturated NaHCOs (3 x 100 mL) and brine 

20 (1 x 100 mL), dried over anhydrous magnesium sulfate, filtered and concentrated to give 35 g of a yellow 
oil. The crude product was purified by low pressure chromatography (silica get 230*400 mesh; 9 x 15 cm 
column; chloroform (97%);methanol (3%)) to yield Step A product (19.0 g, 90% yield). An analytical sample 
was obtained by recrystallization from diethyl ethenhexane, mp 113-115* C; 



elemental analysis. Calcd. for C2sH 3 iNOs (425.526): 





C = 


70.56; 


H = 


7.34; 


N = 


3.29. 


Found: 


C = 


70.45; 


H = 


7.54; 


N = 


3.30. 



30 



Step B: Preparation of N-6(SH(1 .1*Dimethylethoxycarbonyl)amino]-7-(4-benzyloxyphenyl)-1 -hydroxy-(Z)-4- 
heptene 

To a stirred solution of the product of Step A (18.8 g, 44 mmol) in 50 mL dry tetrahydrofuran under 
nitrogen was added triethyiamine (9.2 mL, 66 mmol). The solution was cooled in an ice/methanol bath to 
-18* C and ethyl chloroformate (6.3 mL, 66 mmol) was added such that the temperature remained below 
-10* C to give a light yellow suspension. After warming {p -2*C over 45 minutes, the mixture was filtered 
through a medium sintered glass funnel with cooling of the filtrate in an ice bath. To the filtrate at 0 * G 
under nitrogen was added portionwise sodium borohydride (3.1 g, 82 mmol) followed by dropwise addition 
of methanol. After stirring at 0* C for 1 hour following addition, the reaction was quenched by the additionof 
water (50 mL) and allowed to warm to 25* C. The mixture was poured into 10% citric acid (200 mL) and 
extracted with diethyl ether (3 X 150 mL). The combined organics were washed with 5% NaOH (3 X 100 
mL), water (1 X 100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 
x 15 cm column; chloroform (98%):methanol (2%)) to yield Step B product (14.5 g, 80% yield). An 
analytical sample was obtained by recrystallization from ethyl acetate rhexane, mp 94-97* C; 



50 



elemental analysis Calcd. for C25H33NO4. (411.542): 



Found: 



c = 


7256; 


H = 


8.80; 


N = 


3.40. 


c = 


72.89; 


H = 


8.05; 


N = 


3.26. 



55 



Step C: Preparation of N-6(SH1 .1 -Dimethyl thoxycarbonyl)aminoh7-(4-ben2yloxyphenyl)"1 - 
m than sulfonyHZH-hept ne 
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To a stirred solution of the product of Step B (5.55 g. 13.4 mmol) in 100 mL dry methylene chlorid 
cooled to 0* C in an ice/water bath and under nitrogen was added triethylamine (7.7 mL 55 mmol) follow d 
by m thanesulfonyl chloride (2.1 mL, 27 mmol) dropwise such that temperature of the reaction remained 
below 2* C. The reaction was stirred at 0 # C for 30 minutes then quenched by the addition of ice water (100 
5 mL). After warming to 25* C. the organic phase was collected and the aqueous phase was extracted with 
m thylen chloride (2 X 25 mL)*The combined organics were washed with water (2 X 50 mL). 10% citric 
acid (2 X 50 mL), saturated NaHC0 3 (2 X 50 mL). and brine (1 X 50 mL). dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give Step C product (6.55 g t quant yield) as a white solid, mp 73- 
75* C. 



Step D: Preparation of N-6(SH(1 . 1 -D'methy lethoxycarbony l)amino>7-(4-benzy toxy pheny IH -iodo-(ZH-hep- 
tene 

is To a stirred solution of sodium iodide (19.9 g, 13.3 mmol) in 100 mL acetone under nitrogen was added 
a solution of the product of Step C (6.5 g, 13.3 mmol) in 130 mL acetone. The clear yellow solution was 
stirred at 25* C for 1 hour, heated under reflux for 1 hours, and stirred at 25 "C for 1 hour. Upon 
concentration under reduced pressure, the resultant residue was taken up in water (50 mL) and extracted 
into ethyl acetate (3 X 50 mL). The combined organics were dried over anhydrous magnesium sulfate, 

20 filtered, and concentrated to give Step D product (6.7 g. 97% yield) as a light yellow solid. An analytical 
sample was obtained by recrystallization from diethyl ether, mp 83-84.5* C; 



elemental analysis Calcd. for C2SH32NO3I (521.44): 



c = 


57.58; 


H - 


6.18; 


N = 


2.69. 


c = 


57.61; 


H = 


6.10; 


N = 


2.67. 



30 



Step E: Preparation of Ethyl N^(SH(1 J^' m e%tethoxyca^ 
ethoxycarbonyKZ)-6-nonenoate 



35 



40 



To a stirred suspensionof sodium hydride (53.5 mmol. from 2.14 g, 60% in oil dispersion; rinsed with 3 
X 30 mL dry hexanes) in 20 mL dry dimethylformamide cooled to 0*C in an tee/water bath and under 
nitrogen was added dropwise diethyl malonate (12.1 mL. 80 mmol). The mixture was stirred at 25* C for 30 
minutes, then a solution of the product of Step D (6.57 g. 12.6 mmol) in 35 mL dry dimethylformamide was 
added rapidly via cannula The reaction was heated at 80* C for 40 minutes, cooled to 25* C, and 
concentrated under high vacuum. The resultant residue was partitioned between ethyl acetate (200 mL) and 
10% citric acid (100 mL), the organic phase was collected and the aqueous phase was extracted with ethyl 
acetate (3 X 50 mL). The combined organics were washed with water (2 X 100 mL), saturated NaHC0 3 (2 X 
100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give 1G g yellow oil. Crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 
9 X 15 cm column; hexanes (85%):ethyl acetate (15%)) to yield Step E product (6.95 g, 99% yield as an 
oily white solid. An analytical sample was obtained by recrystallization from diethyl ethenhexanes, mp 45- 
46* C; 



50 



elemental analysis Calcd. for C32H43NO7 (553.697): 



Found: 



c = 


69.42; 


H = 


7.83; 


N - 


c = 


69.40; 


H = 


7.77; 


N = 



2.53. 
2.46. 



55 Step R Preparation of Ethyl N-6(SH(1»1-dim thyleth xycarbonyl)aminol-9-(4-benzyloxyphenyl)-2- 
ethoxycarbonyt-6(R),7(RVepoxy-nonenoate 



To a stirred solution of the product of Step E (6.60 g. 12 mmol) in 100 mL dry methylene chloride 
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cooled in an ice methanol bath to -16' C and under nitrogen was added in one portion 3-chloroperoxyben- 
zoic acid (97%, 82 g, 47 mmol). Reaction mixture was slowly allowed to warm to 15* C over 6 hours then 
was concentrated to dryness. The residue was tak n up in diethyl ether (400 mL) and washed with diluted 
NaHCOa (2 X 100 mL), diluted Na 2 SC>3 (2 X 100 mL), diluted NaHCOs (2 X 100 mL), and brine (1 X 100 
5 mL), dried over anhydrous magnesiurn sulfate, filtered, and concentrated. The crude product (as a mixture 
of isomers (threorerythro = 5:2 by 'H-NMR)) was purified by low pressure chromatography (silica gel 230- 
400 mesh; 10 X 16 cm column; hexanes (70%):ethyl acetate (30%)) to yield the product of Step F (4.46 g, 
65%), mp 49-5 1*0. 

10 

Step G: Preparation of 3(R)-Carboxyethyl-8(S)-{N-1 (SHO . 1 -dimethylethoxycarbonyl)amino)-2-(4-ben2ylox- 
yphenyl)ethyl]-1-oxa-7(S)-bicyclo-t3.3.0loctane-2-one 



75 



20 



25 



00 



To a stirred solution of Step F product. N-7(SH(1.1-dirnethylethoxycarbonyl)amino]-8-(4-ben2yiox- 
yphenylJ-l.l-dicarbonxyethyl^RJ^RHpoxy-octane (2.1 g, 3.7 mmol), in 100 mL dry tetrahydrofuran 
cooled to -20* C in an ice/methanol bath and under nitrogen was added dropwise a solution of lithium bis- 
(trimethy!silyl)amide in hexanes (7.4 mL, 1.0M, 7.4 mmol). The reaction was allowed to warm to -5* C over 
5 minutes then was cooled to -10* C and a soiutionof zinc chloride (7.4 mL, 1.0 M, 7.4 mL) was added. The 
clear solution was allowed to warm to 25* C where it was stirred for 64 hours. The reaction was poured into 
10% citric acid (150 mL) and the mixture was extracted with diethyl ether (3 X 100 mL). The combined 
organics were washed with saturated NaHC(>3 (2 X 50 mL) and brine (1 X 50 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a clear oil. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; methylene chloride (95%):ethyl 
acetate (5%)) to yield Step G product (1.4 g, 72% yield) as a clear foam, mp 41-43* C; 



elemental analysis Calcd. for C30H37NO7 (523.627): 



Found: 



c = 


68.81; 


H = 


7.12; 


N = 


c - 


68.77; 


H = 


7.13; 


N = 



2.67. 
2.61. 



Step H: Preparation of 8(SHN-1(SH(1>P'™ethylethox 
3(R),7{S)-bicyclo[3^.0]octane-2-one 



35 



40 



45 



To a stirred solution of the product of Step G t (47 mg, 0.09 mmol) in 1:0 mL 1.2-dimethoxyethane under 
nitrogen was added 1 .0 mL 1 N UOH (aq.). The clear solution was stirred for 4 hours then 13 mL 10% citric 
acid was added. The mixture was extracted with diethyl ether (3 X 20 mL) and the combined organics were 
washed with water (1 X 20 mL) and brine (1 X 20 mL), dried over anhydrous magnesium sulfate, filtered, 
diluted with 20 mL dry toluene, and concentrated to dryness. The crude acid was dissolved in 10 ml 
xylenes and heated at 160* C for 10 hours then concentrated under high vacuum. The crude product was 
purified by tow pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; hexanes (75%):ethyl 
acetate (25%)) to yield the title product of Step H, (20 mg, 49% yield), as a white solid, mp 134-137* C, 
<C;H;N). 



Step k Preparation of N-Benzyl-2(SHN-2(SH(1 .1 -dimethyiethoxycarbony l)amino)-3-(4-benzy toxypheny l)-2- 
(S)-hydroxy-l -propyl}- 1 (R)-cyctopentane carboxamide 

To a stirred solution of benzylamine (0.05 mL, 0.45 mmol) in 3 mL dry tetrahydrofuran cooled to -78* C 
in a dry ice/isopropanol bath was added a solution of n-butyllithium in hexanes (0.20 mL 1.6 M, 0.32 mmol) 
to give a red solution. After 15 minutes at :70* C a solution of the product of Step H (20 mg, 0.04 mmol) in 
2 mL dry tetrahydrofuran was added. After 90 minutes at -70* C, the r action was quenched by the 
addtoonof 10% citric acid (10 mL). The mixture was extracted with ethyl acetate (3X15 mL); the combined 
organics were washed with water (1 X 15 mL), saturated NaHCOa (1X15 mL), and brin (1 X 15 mL), dried 
over anhydrous magnesium sulfate, filtered, and concentrated. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 5 X 16 cm column; acetonitrile (10%):methylene 
chloride (90%) to acetonitrile (20%):methylene chloride (80%)) followed by preparative thin layer 
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chromatography (E. Merck plate, silica gel F254, 0.5 mm; acetonitrile (20%):methylene chloride (80%)) to 
yield the Step I product (18 mg, 73%-yield), (C;H;N). 

Step J: Preparation of N-B nzyl-2(S)-(N-2(SH(1 .1 KiimethylethoxycartK)nyl)amino)-3H4^ydroxyphenyl)*2(Sh 
hydroxV7VopylH(R)-cyclopentane carboxamid 

The product of Step I, 15 mg, was dissolved in 3 mL ethanol and 3 mL tetrahydrofuran and to it was 
added 5% palladium on carbon, 20 mg. The mixture was stirred under hydrogen at atmospheric pressure 
for 20 hours, then filtered and concentrated to dryness. The oily residue was dissolved in 2 mL of ethanol 
and 10 mL of water was added. A white solid precipitated which was collected and dried. The yield was 12 
mg of pure product (95% yield). (C;H;N). 

EXAMPLE 30 



Preparation of N-Benzyl-2(RHN-2(SH(1 jKlimethy<ethoxycart)onyl)amino)-3K4-hydroxyphenyl)-2(Sh 
hydroxy-l-propylh1(R)-cyclopentane carboxamide ("trans-Tyr-Pro") 

Step A: Preparation of 4($H(1 1 1 -dimethyl-emoxyrarbonyl)aminoh3(S^ -pen- 
tene: 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry .THF cooled 
to 0* C was added dropwise 120 mL of commercial 1 M vinylmagnesium bromide in THF. The mixture was 
cooled to -30 *C and a solution of 10.8 g (30 mmol) of N-2(SH(1.1-^irnethylethoxycarbonyl)ammoh3-(4- 
benzytoxyphenyl)-propionaldehyde in 200 mL of dry THF was added slowly keeping the temperature at -30 

1 5" C. The reaction was allowed to warm to room temperature and stir for 90 minutes, then quenched by 
addition of 500 mL of 10% citric acid and extracted into 1 L of diethyl ether. The ether extracts were dried 
over MgSOi, filtered and concentrated to give a white solid. Crude product was purified by low pressure 
chromatography (silica gel; 10%-50% ethyl ac8tate/CH 2 C! 2 ) to yield the 3(S) alcohol, 6.0 g (56% yield) as a 
white solid which was essentially homogenous by TLC (10% ethyl acetate/hexanes). Further elution with 
50% ethyl acetate/hexanes afforded 0.77 g (7% yield) of the 3(R) alcohol. 

Step B: Preparation of 4(SH1 .1 -dimewylethoxycarbonyl)amm -pen- 
tene 

The product of Step A, 6 g. was dissolved in 200 mL of CrfcCfe and to it was added 3 mL of acetic 
anhydride, 4.4 mL of triethylamine and 25 mg of 4-dimethylaminopyridine. The mixture was allowed to stir 
at room temperature overnight then diluted with 100 mL CH 2 CI 2 and washed with 1 X 20 mL 10% citric 
acid 1 X 200 mL H 2 0. 1 X 200 mL safd NaHCCfe and dried over MgSO*. After filtration and removal of 
solvents under reduced pressure, the crude product was purified by low pressure chromatography (silica 
gel; 25% ethyl acetate/hexanes) to yield the pure acetate, 6.65 g (quant), as an oil which was homogenous 
by TLC (25% ethylacetate/hexanes). 

Step C: Preparation of N-6(SM(1.1<fimethylethoxycai^ 
acid 

The product of Step B, 7.43 g, was dissolved in 40 mL of dry THF and added dropwise to a solution of 
62 mL of commercial 0.692 M potassium texamethytdisilazide in toluene and 100 mL of dry THF cooled to 
-78* (±5)" C under nitrogen atmosphere. After 10 minutes at -78(15)* C. a solution of 7.3 g of t-butyl- 
dimethylsilyl chloride in 30 mL of dry hexarrwtriylphosprKjramtde was added. The mixture was allowed to 
warm to room temperature and stir for 15 hours, then diluted with 400 mL of ethyl acetate and washed with 

2 X 100 mL 10% citric acid and 2 X 200 mL of H2O. The aqueous layers were extracted with 1 X 100 mL of 
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ethyl acetate and th combin d organic extracts were washed 2 X 200 mL of sat'd brin and dried ov r 
MgSO*. After filtration and removal f solvents under reduced pressure the residue was dissolved in 20 mL 
of 1 M tetra-n-butylammonium fluoride in THF and allowed to stir under nitrogen for 24 hours at room 
temperature. The mixture was diluted with 50 mL of 10% citric acid and extracted with 3 X 100 mL of 
chloroform. The combined organic exVacts were washed with 1 X 200 mL of water and dri d ov r MgSO* 
then concentrated to dryness. The crude product was purified by low pressure chromatography (silica gel. 
5% methanol/CHCh) and recrystallization from ethanol/water to yield 6.33 g (85% yield) of pure product: 
mp 121-2* C 



elemental analysis, Calc'd for C2sH 3 iNOs (425.52): 



c = 


70.57, 


H = 


7.34 t 


N = 


3.29; 


c = 


70.38. 


H = 


7.22, 


N = 


3.16. 



Found: 



Step D thru Step G: Preparation of 8(SH^1(SH(1.1<*iftiethylethoxycaita 
ethyl]-1-oxa-3(S) ( 7(R)-bicyclo[3.3.0]"OCtane-2one 

Employing the procedure substantially as described in Example V, Steps C through F, but substituting 
for the N-6(S)-[(1.1-dimethyiethoxy carbonyl)amino}-7-(4-ben2yloxyphenylHE)-heptenoic acid the product of 
Step C, 4.8 g, there was obtained in sequence the following: 



(Step D) 

N-6(SH(1 . 1 -dimethylethoxycarbonyl)amino}-7-{4-benzyloxyphenyl)-1 -hydroxy-(E)-heptene as a white 
solid. 4.4 g (quant yield) which was essentially homogeneous by TLC (5% methanol/CHCfa). 

(Step E) 

N-6(SH(1 .1 ^imethylethoxycarbonyl)amino}-7-(4-benzyloxyphenyl)-1 -methanesulfonyKEH-heptene as 
a clear resin, 42. g (78% yield) which was essentially homogeneous by TLC (5% methanol/CHCb. 



(StepF) . 

N^SHO.lKJirnethylethoxyran^ as a colorless 

resin, 4.3 g (96% yield) which was essentially homogeneous by TLC (2% acetonitrile/CHzCk). 



(Step G) 

Ethyl N-8(SH0 . 1 ^methylethoxyrartX)nyl}-amiix>^ 
enoate as a waxy solid, 4.4 g (98% yield) which was essentially homogeneous by TLC (25% 
acelate/hexanes). 



(Step H) 

Ethyl N-8(SK(1 A <Kmethyletrwxycarbony1)-am^ 7(S)- 

epoxynonenoate as an oil which crystallizes in the freezer (melts below 0"C) t 3.48 g (77% yield). The 
product was essentially h mogeneous by TLC (30% ethyl acetate/h xanes). 



(Step I) 
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3-Ethoxycarbonyl-8(SHN-<l (SKO .1 -dimethyl ethoxycarbonyl)amino)-2-{4-ben2yloxyphenyl)ethyll-1-oxa- 
7(S)-bicyclo[3.3.0]octane-2-one as a colorless foam, 3.2 g (quantitativ yield) which was ssentially 
homogeneous by TLC (5% ethyl acelate/CHaCk). 



(Step J) 



TO 



1$ 



8(S)-[N-(1 (SH(1 J^imethytethoxycarbonyl)a™ 7(R)-bicyclo- 
[3.3.0]octane-2-one as a white solid (1.98 g, 72% yield): mp 157-159* C t 



elemental analysis, Calc'd for C27H33NO5 (451.567): 



Found: 



c = 


71.71; 


H = 


7.37: 


N = 


c = 


71.82; 


H = 


7.31; 


N = 



3.10. 
3.0. 



Step K: Preparation of 3-(1 .1 -dimethylethoxycarbMyl)-2,2-d^ 
(S)-hydroxymethyl*1(R)-cyclopentyl]oxa2olidine: 

The product of Step J, 1.0 g (2.2 mmol) was dissolved in 50 mL of 1 ,2-dimethoxyethane and to it was 
added 5.5 mL (11 mmol) of 2 M lithium borohydride in THF. The solution was allowed to stir for 8 hours at 
room temperature then quenched by dropwise addition of 10 mL of water, followed by 25 mL of 10% citric 
acid. The mixture was extracted with ethyl acetate (2 X 50 mL) and the organic extracts washed 50 mL 
saturated NaHCOj dried over MgSO* and concentrated to dryness. The oily residue (1 .0 g) was dissolved 
in 5 mL of 2,2-dimethoxypropane and 15 mL of acetone and to it was added 16 mg of p-toluenesulfonic 
acid, monohydrate. The mixture was stirred under nitrogen atmosphere for 24 hours, then poured into 50 
mL of saturated NaHC03 and extracted with 3 X 100 mL of ethyl acetate. The combined organic extract 
were dried over MgSO* and concentrated to dryness. The residue was purified by low pressure chromatog- 
raphy (silica gel. 3% ethyl acetate/hexanes) to give 1.05 g (95% yield) of a colorless foam which was 
essentially homogeneous by TLC. 



Step t£ Preparation of 3-(1 .1 -dimethylethoxycarbony !)-2 T 2-dimethyM<S)-(4-ben2yloxyphenylmethyl>-5(SV[2- 
(RHormyl-1 (R)-cyclopentyl]oxazoHdine: 

The product of Step K, 1.05 g was dissolved in 50 mL of O^Cfe and added dropwise to a stirred 
solution of 0.20 mL at anhydrous DMSO and 0.20 mL of oxalyl chloride at -78* C. After 20 minutes stirring 
at -78* C t dry triethylamine, 0.70 mL was added slowly. After stirring for 40 minutes at -78* C, the mixture 
was allowed to warm to room temperature and stir for 30 minutes. The mixture was diluted with 200 mL of 
CH2CI2 and washed with 1 X 100 mL 10% citric acid, 1 X 100 mL H20. 1 X 50 mL saturated NaHCOa and 
dried over MgSO*. After removal of solvents under reduced pressure, the residue, 1.1 g. was dissolved in 
16 mL of absolute methanol and to it was added 0.276 g (2 mmol) powdered anhydrous KaCOs. After 2 
hours at room temperature, the reaction was cooled to 0* C and treated with 230 mL (4 mmol) of glacial 
acetic add. After 5 minutes, the mixture was warmed to room temperature and 10 mL 1 M pH 7 phosphate 
buffer was added. After 30 minutes stirring, the mixture was concentrated and the aqueous phase extracted 
with 5 X 50 mL of ether. The combined ether extracts were dried over MgSO* and concentrated to dryness. 
The crude product was purified by low pressure chromatography (silica gel, 15% ethyl acetate/hexanes) to 
yield 0.92 g of the product (>10:1 of the 2(R)2(S) aldehydes) as a foam. The product obtained in this 
manner was essentially homogeneous by TLC (15% ethyl acetate/hexanes). 



Step M: Preparation of 2(RHN-2(SH(1 ,1 -dimethylethoxycarbony l)amino)-1 (S)-hydroxy-3-<4-benzy1ox- 
yphenyl)-1-propyll-1(R)-cydopentanecarboxylic acid 

The product of Step U 0.25 g (0.5 mmol) was dissolved in 3 mL of tert-butanol and 2 mL of 1.25 M 
aqueous potassium phosphate buffer <pH = 6.8). T it was added 3.0 mL of aqueous 1 M KMnO* solution 
with stirring. Aft r 5 minut s, the reaction was qu nched by addition of solid Na?SOa (3mL) and the pH 
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adjusted to 3 with ice cold 10% citric acid. Th mixture was extracted into 5 X 50 mL of thy I acetate and 
the combined organic extracts dried ov r MgSOi then concentrated to dryness. The residue was dissolved 
in methanol and 5 mg of p-toluenesulfonic acid was added. After stirring for 30 minutes at room 
temperatur , 1 mL of aqueous 1 M sodium acetate was added and the mixture concentrated to dryness, 
s The residue was dissolved in chloroffcrm (100 mL), filtered and again cone ntrated to dryness. The product 
formed a solid on drying under vacuum (0.20 g, 87% yield) and was essentially homogeneous by TLC 
(1:3:26, AcOH: MeOH: CHCI 3 ). 



io Step N: Preparation of N-BenzyK>(RHN-2(SH(1 » 1 -dimethylethoxycarfaonyl)amino)-3-(4'benzyloxyphenyl)"1 - 
(S)-hydfoxy-l -propylfl (R)-cyciopentene carboxamide 

The product from Step M, 0.20 g (0.43 mmol, was dissolved in 5 mL of dry DMF and to it was added 
50 mL (0.45 mmol) of benzylamine, 58 mg (0.43 mmol) of 1-hydroxybenzotriazole hydrate and 86 mg (0.45 

75 mmol) of dimethyl-3-(3-dimethyiaminopropyl)carbodiimide hydrochloride. Triethylamine was added dropwise 
until the pH was 8.5. After stirring for 15 hours at room temperature, the reaction was concentrated to 
dryness under reduced pressure. The residue was dissolved in 100 mL of chloroform and washed with 1 X 
50 mL of 10% citric acid, 1 X 50 mL H 2 0, 1 X 50 mL saturated NaHCOa dried over MgSO«, and 
concentrated to dryness. Crude product was purified by low pressure chromatography on silica gel eluting 

20 with 20% acetonitrile in methylene chloride to yield 150 mg of product as a foam which was essentially 
homogeneous by TLC (20% CH3CN/CH2CI2). The product formed a solid precipitate from ethanol/water. 



Step O: Preparation of N*Benzyl-2(R)-[N-2(S)-((1 < 1*dimethyiethoxycarbonyl)amino)-3'(4'hydroxyphenyl)»2" 
25 (S)-hydroxy-l -propylH (R)-cydopentane carboxamide 

The product from Step N, 150 mg was dissolved in 25 mL of ethanol and 25% of THF containing 50 
mg of 10% palladium on carbon. The mixture was stirred under hydrogen atmosphere for 24 hours, then 
filtered and concentrated to dryness. The residue was dissolved in 6 mL of ethanol and 30 mL of water was 
30 added. A white solid precipitated which was collected and dried. The yield was 120 mg of pure product 
(95%): (C.H.N). 



EXAMPLE 31 

35 



Assay for Inhibition of Microbial Expressed Viral Protease 

40 Additional compounds were tested by the assay of Example 9. The results show substantial inhibition of 

HIV protease for many of the compounds tested. The products of synthesis in Example 10-28 inclusive 

shown ICso values in the range of 0.1 - 10 nM. 

While the foregoing specification teaches the principles of the present invention, with examples 

provided for the purpose of illustration, it will be understood that the practice of the invention encompasses 
45 all of the usual variations, ad ap ta ti ons, modifications, deletions, or additions of procedures and protocols 

described herein, as come within the scope of the following claims and its equivalents. 



Claims 

50 

1 . Compounds of the formula: 
A-G-B-B-J I. 
wherein A is: 
Dtrityl. 
55 2) hydrogen; 

II 

R 1 - C - wherein R 1 is 
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a) hydrogen, 

b) Ci alkyl, substituted with one or more halogens adjacent to the carbonyl carbon where halogen is F. 
CI, Br, and I; 

4) phthaloyl wherein th aromatic ring is unsubstituted or substituted with one or more of 
5 a)Ci-ialkyt, 

b) halo, ' 

c) hydroxy, 

d) nitro, 

e) Ci-a alkoxy, 

10 f) Ci -3 alkoxycarbonyl, 
g) cyano, 
h) 

O 

- C -NR2 wherein R is H or Ci -+ alkyl; 
15 5) 

R 3 0 
- I fl 
r2.C-0-C- 



20 




wherein R 2 .R 3 , and R* are independently 
a) H, 

25 b) Ci -€ alkyl unsubstituted or substituted with one or more of 

i) halo, 

ii) alkyl SO2-, 

iii) aryl SO2-, 

c) Aryl unsubstituted or substituted with one or more of 
M 9C1-4 alkyl, 

ii) Ci -3 alkoxy, 

iii) halo, 

iv) nitro, 

v) acetoxy, 

35 vi) dimethylaminocarbonyl, 

vii) phenyl, 

viii) Ci -3 alkoxycarbonyl 

d) fluorenyl. 

^e) R 2 , R 3 , and RVmay be independently joined to form a monocyclic, bicyclic, or tricyclic ring system 
40 which is Cs-io cycioalkyl and may be substituted with C1-4 alkyl, or 
f) a 5-7 membered heterocycte; 

0 

r5-N-0-C- 



6) 

45 



so wherein R s and R 6 are 

a) C1-4 alkyl. 

b) aryl, 

c) R 5 and R 6 are joined to form a 5-7 membered heterocycle; 

7) 

? 

R 7 -S02NH- C- wherein R 7 Is aryi unsubstituted or substituted with one or more of 
a) Ci -4 alkyl. 
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10 



b) halo, 

c) nitro, 

d) Ci-3 alkoxy; 

8) 



R 8 -S- 



m 



15 



wherein m is 0-2 and R 8 is 

a) R 7 as defined above, 

b) trityl; 

9) 
]< 

(R 7 )2 P - wherein X is 0 or S, or NH f and R 7 is defined above; 
G is 



20 



25 



Y°V 



or 



H R 
t 



-N 



12 



o 
I! 



30 



35 



wherein Z is O f S, or HH and 
R 2 is independently 
1) hydrogen; 



2) 



-c- 



3) -OR, wherein R is H, or Ci -* alkyl 

4) -NR2, 

^ 5)C,-* alkylene-R"; 

wherein n is 0-5 and R 10 is independently 

a) hydrogen, 

b) hydroxy, or 

c) Ci -4-aIkyl; 

, s R " is 

a) hydrogen, 

b) aryl, unsubstituted or substituted with one or more of 

i) halo, 

ii) hydroxy, 

^ ifi) -NH 2 , -N02, -NHR, or -NR 2 , wherein R is H, or Ci alkyl, 

iv) Ci-+ aikyi, 

v) Ci -3 Alkoxy, 

vi) -COOR 

vii) - C NR 2 , 

It 

55 O 

viii) -CH2NR2, 
ix) 
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O 

R 

-CH 2 NHC R, 

x) -CN, 

xi) -CF 3 . 
xit) 

-NH c a ' ' 

xiii) aryl Ci - 3 alkoxy or aryl Ct-4 alkyl, 

xiv) aryl, 

xv) -NRS0 2 R t 

10 xvi) -OP(0)(ORxh wherein R x is H or aryl, or 
xvii) 

O 

-O C -C» -^alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycie including up to 3 heteroatoms selected from N, 0, and S, any of which 
rs heterocycie may be unsubstituted or substituted' with one or more of 

i) halo, 

ii) hydroxy, 

Hi) -NH 2l -NHR, -NR 2 ; 

iv) Ci -4 alkyl, 

20 v) Ci -3 alkoxy, 

vi) -COOR, 

vii) 
O 

- C NR 2 , 

25 viii) -CH 2 NR 2l 

ix> o 
II 

• -NH c a 

x)-CN, 
30 xi) CF3. 

xit) -NHSOaR. 

xiii) -0P(0)(0Rx)2 wherein R* is H or aryl, or 
xiv) 

O 

35 -O- C -Ci -4alkyi substituted with one or more of amine or quaternary amine; 

d) Ci -« alkyl or Ci alkenyl, unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) Ci alkyl, 

fli) -NH 2 , -NHa -NR 2( 
40 iv) 

NH 
0 

-NH CH . 
v) 

NH 
U 

45 -NH-C- NH 2i 
vi) -C00H. 
vii) 
O 

- coa 

50 viii) -SR. or arytthio, 

ix) -SCfeNHR. 

x) Ci -4 alkyl sulfonylamino or aryl sulfonyl amino, 

xi) -CONHR. 



55 



O 
II 

-nh c a 

xiii) -Oa 

xiv) aryl Ci -3 alkoxy, or. 
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xv) aryl; 

e) C3-7 cycloalkyl unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C- -1 alkyl. 

5 iii) -NH2. -NHR, -NHR2. 9 
iv) 

N H 
(I 

-NH-CH , 
v) 

-NH- C - NH 2l 
vi) -COOH. 
vii) 

0 
II 

rs - C -OR, 

viii) -SR, 

ix) -S0 2 NH 2 . 

x) alkyl sulfonylamino or aryl sutfonytamino, 

xi) -CONHR, or 
20 xii) 

O 
II 

-NH CR; 

0 a 5- to 7-membered carbocyclic or 7- to 1 0-membered bicyclic carbocyclic ring which is either saturated 
or unsaturated, said carbocyclic ring being unsubstituted or substituted with one or more of 
25 i) halo, 

ii) -OR, wherein R is H or Ci -* alkyl, 
iii) 

o 
II 

- COR, 
30 iv) 

O 
ll 

- C NR 2) 

v) -CH 2 NR 2 , 

vi) -S0 2 NR 2 : -S(0) y R and y = 0. 1 or 2; 
35 vii) -NR 2 . 

viii) 

O 

11 

-NH C R, 
ix) C'-* alkyl, 
40 x) phenyl, 
xi) -CF3, or 
xii) 

? 

- N -S02R; 

45 g) benzofuryl, indolyl; azabicyclo C7-11 cycloaJkyl; or benzopiperidinyl; 

R 12 is -OH or -NHR 13 wherein R ,a is -H, 
O 
II 

- C H. Ci alkyl, or -COOR; and 
® is 

50 1) Ca-7 cycloalkyl either unsubstituted or substituted with one or more of 

a) Ci -* alkyl, 

b) hydroxy, 
0 -NR2. 

d) -COOR, 
55 e) -CONHR, 
0 -NHSO2R. 

g) 
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o 
ii 

-NH C R, 

h) aryl, 

i) aryl substituted with Ci -^alky!. 
j) het rocycle. or 

5 k) h terocycle substituted with Ct-*alkyi; 

2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy. 

b) -OR. 

C) -NHR t3 . 

to d) -COOR, 

e) 
o 
n 

- C NR 2 , or, 



-NH C R; 

3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstituted or substituted with one or 
more of 
i) halo, 
20 ii) hydroxy, 

iii) NR 2 , or, 

iv) Ci -4 alkyl; 
Q is 



25 




wherein R 9 and R 13 are defined above; 
X is O, S. or NH; and 
Wis 
1) OH, 
35 2) NH 2l 

3) OR, or 

4) NHR; 

B is, independently, absent or 




1) YR 14 wherein: 
Y is 0 or NH, and 
R t4 is 

a) H; 

b) Ci -6 alkyl, unsubstituted or substituted with one or more of 

i) -NR 2 , 

ii) -OR, 

iii) -NHSO2C1-* aJkyl, 

iv) -NHS02 aryl, or -NHS02-<diaJkylaminoaryl), 

v) -CH2OR. 

vi) -Ct-* alkyl, 
vii) 
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O 

ii 

-C OR. 
viii) 

O 

II 

- C NR 2 , 



ix) -NH^NR 2 . tr -NH-^NR 2 ; 
NH N 
0 . N CN 



10 x) -NHCR, 

xi ) -NS0 2 CH 3 . 



75 



xii) -NH^O^Ph, 



20 

xiii) -NR3® A 9 wherein A e is a counterion, 

xiv) -NR 15 R 16 wherein R 15 and R 16 are the same or different and are C1-5 alkyl joined together directly to 
form a 5-7 membered heterocycle, 

xv) aryl, 
25 xvi) -CHO, 

xvii) -OP(0){OR,j2 wherein R x is H or aryl, or 

xviii) 
O 
I 

-O- C -Ci -4 alkyl substituted with one or more of amine or quaternary amine; 
30 c) -(CH 2 CH 2 0) o CH 3 or -<CH 2 CH 2 0)„H; 
2) N(R 14 >2; or 

, 3) -NR 1S R 16 wherein R 15 and R ,e are defined above; 



35 



4) 




40 

wherein: 

Y t R 1 * and n are defined above, and 
R 17 is a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

45 i)halo. 

ii) -OR, wherein R is H or C1 -4 alkyl 

HO 
O 

n 

-COR. 

50 fr) 

o 

It 

- CNR*. 

v) -CH2NR2, 

vi) -S02NR 2l 
55 vii)-NRl. 

viii) q 

B 

-NH CR. 
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70 



xi) Ci -* alky!. 

x) phenyl 

xi) -CF 3 . 
xii) 

? 

- n -so 2 r, » 

xiii) -Ci-* alky I -NR 2 , 

xiv) -OP(0)(ORx)2 wherein R x is H or aryl, or 

"*0 

I! 

-O- C -C t -ialkyl substituted with one or more of amine or quaternary amine; 
c) Heterocycle as defined below, 
unsubstituted or substituted with one or more of 
i) halo, 

T5 ii) -OR, wherein R is H, C-4 alkyl, or Ci-*alkenyl, 
Hi) 

- COR, 
iv) 

-CNR 2 , 

v) -CH 2 NR 2( 

vi) -S0 2 NR 2l 

vii) -NR 2 , 
25 viiO 

O 

-NH C R. 
xi) Ci-* alkyl, 
x) phenyl 
30 xi) -CF 3 . 

R 

xii) -NS0 2 R, 



35 



40 



xiii) phenyl Ci -* alkyl, 

xiv) -0P(0)(0R,c)2 wherein R* is H or aryl, or 

xv) ^ 
O 

8 

•O- C -Ci -calkyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered carbocyclic or 7-10 membered bicycltc ring which is either saturated or unsaturated, 
said carbocyclic ring unsubstituted or substituted with one or more of 
i) halo, 

fi) -OR, wherein R is H or Ci alkyl, 
iiO 
? 

- COR, 



so n 



55 



CNR 2 , 
v) -CH 2 NR2, 
>-S0 2 NR 2 , 
vii) -NR 2 , 
viii) 

O 
II 

-NH C R, 

xi) Ci alkyl, 
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x) phenyl 

xi) -CF 3 . 
xii) 

R 

5 - A SO2R, ' 
xiiiJ-OPtOKORxh wherein R x is H or aryl, or 
xiv) 

O 
11 

-O- C -Ci -*alkyl substituted with one or more of amine or quaternary amine; or pharmaceuticalty accept- 
10 able salts thereof. 

2. The compounds of Claim 1 wherein B is independently present twice and Z is O. 

3. The compounds of Claim 2 wherein J is NH 2 and Q is 

,s H R 9 

I I 

-C CH-. 

1 

OH 

20 

4. The compounds of Claim 2 wherein J is NH2 and Q is 

X 
fl 

W 



30 



35 



40 



5. The compounds of Claim 2 wherein J is NH 2 and Q is 

H 

I 

OH 



6. The compounds of Clam 1 wherein B is present once and Z is 0. 

7. The compounds of Claim 6 wherein Q is 



H 

X C CH- 

I 

OH 



8. The compounds of Claim 6 wherein Q is 

X 
■ 

-P CH 2 . 

U 



9. The compounds of Claim 6 wherein Q is 

55 
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H 
I 

I 

OH 



t 

10. The compounds of Claim 1 wh r in B is always absent. 

11. The compounds of Claim 10 wherein Q is 




12. The compounds of Claim 10 wherein Q is 



0 

-P 

I 

W 



CH 2 -- 



13. The compounds of Claim 10 wherein Q is - C H 

I 

OH 

14. The compounds of claim 1 wherein G is 



OH R 9 

-NH^A^A^/ or 
R 9 O 



NH 2 R 
S» O 



15. The compounds of Claim 14 wherein B is absent or present once. 

16. The compounds of claim 15 wherein J is 



-NH — -+-C-H 



17 



17. The compounds of claim 16 wherein A is 



I 



0 
1/ 

)-C- 



18. N'-<1.1 <Rmethylethoxycarbonyl)-5{S>-amir^^ 

I ucyhphenylaianylamid , or pharmaceutical ly acceptable salts thereof. 

19. N-Benzyl-N'-<1 .1-dimethyfethoxy carbony!)^S>^irK>^S)-hyclroxy 
hexanoyHeucyt- amide, or pharmaceuticalty acceptable salts thereof. 
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20. N-benzyl-N'-(1,1-dimewylethoxycarbony^ nylm thyl>- 
hexanoic carboxamid , or pharmaceutically acceptable salts thereof. 

21. N'-{1.1-Dim thyl thoxy(*rbonyl)-5(S)-amirx)-4(S)-hydr xy-6-cyclohexyi-2(RHphenylmethyl^ 
hexanoyMeucyl-phenylalanylamide, or pharmaceutically acceptable salts th reof- 

22. N-<1 >Dimemylemoxy<^Tb<Jnyl)-5(S)-amino^ hexanoyl- 
leucyl-phenyiaianine methyl ester, or pharmaceutically acceptable salts thereof. 

23. N-(1.1-Dimethylemoxycarbonyl)-5{S)-amino^(S)-hydrox^ 
isoleucylamide, or pharmaceutically acceptable salts thereof. 

24. N-(2-(Methanesulfonylamino)ethyl)-N'-(1 , 1 -dimethylethoxycarbony I)-5(S)-amino-4(S)-hydroxy-6- 
phenyl-2(R>-(phenylmethyl)hexanoyl-leucylamide. or pharmaceutically acceptable salts thereof. 

25. N '^1>Dimemylethoxycarbonyl)-5(S)-ami^ 
leucyl-phenylalanylamide, 

N-Benzyt-N(1 J-Dimethylemoxywrbonyl)-5(S^ 
ieucyi-amide, 

5<SH(1 .1 -Dimethy lethoxycarbony l)-amino}-4{S)-hydroxy-6-pheny l-2(RHptenylmethy1)hexanoy!-Leu-amide, 

N-(1,1-CHmemylethoxycai1x>nyl)-5(SH 
phenytalanylamide. 

5(SH(1 .1 -amethylethoxycarbonyl)amino Leu-(4-l-Phe)- 
amide, 

5(SH(Phenyimethyloxycajtonyl)aminoH(SHydroxy^-phenyl-2(R)(phen Leu-Phe amide, 

5(SH<1 .1 -dimethy tethoxycartDonyl)amifK)H<SHiydroxy^ Leu-Phe-amide, 
3-(1(S)-BenzyloxycarbonyIamino-2-phenylethyl phosphinyl>-2(S,RHphenylmethyl)propanoyl-L-Leu-Phe- 
amide, 

N-{4-{(8enzy loxycarbonyl)amino Jbutyf]-5(SH0 .1 -dimethy lethoxy)carbonylaminoH(S)-hydroxy-6-phenyl-2- 
(RHphenylmethyi)hexanoyl-Leu-amide, 

N -(1 1 1 -Dimethy lethoxycarbony l)-5(S)-amincHKS)-hydroxy-6-pheny l-2(R)-(pheny tmethy l)-hexanoy l-leucy I- 
phenylalanine methyl ester, 

5{SK(1 .1 ^imethylettwxycarborty^ Leucine- 
Phenylalanine amide, 
5{SH(1 .1 -Dimethyletho>cycarbonyl)-am^ 
amide, 

5{SH(1 ,1 -Dimethyietho>cycart>onyl)-amino 
hydroxy-1(S)-(phenyImethyl)ethyl>-Leu amide, 

5(SH(1 .1 -dimethytetrroxycarrxmyt)?aniino]^ amide, 
N-(2-(Methanesulfonylamino)ethyl>-N'-(1 ,1 -dimethytetrwxycarbonyO-5(S)-^ 
(phenylmethyi)hexanoyHeucylamide v 

5(SH(1 .1 ^imethyletfK>xycartx>nylhamtno^ amide, 

5f SHO .1 -Dimethytethoxycarbonyl)-amino}-4(S>-hydroxy-6-pheny l-2(RH{4-benzy kjxyphenyijmethyl}- 

hexanoyl-Leu-Phe amide, 

5{SH0 .1 -Dimethylethoxycartx>rry1)-amino^ 

amide, 

5(SH0 .1 ^memylethoxycait)onyl)-ammoH(S)-hydroxy-6-phenyi-2(RH 
Leu-Phe amide, 

5{SH(1 ,1 -Dimethylethoxycarbony l)-aminoH<S)^ydro^ 
5(SH(1 .t -Oimethyletto»cycartxjnyl^^ 
hydroxy-1(S)-pherrylethyl)Leu amide, 
5(SH(1 .1 -Dimethyietrraxycartttrryl^ 
acetamidoetrry1)Leu amide, 

5(SH(1 .1 -DimemylethoxycartK>nyl)-am^ '-ylHeudner 

phenylalanine-amide, 

5(SH0 .1 -Oimemylethoxycail3orryl)-ammo 

hydroxyethyl)Leu amide, 

5(S)-{(1 ,1 -Dimetrrytethoxycaituny i)-amino]^ 

benzylamid , 

5(SH(1 ,1 ^imemyiethoxycartX)nyl)am w nylglycine 
amid , 

4(SH0»1-O« m *hyl thoxycartoonyl)afninoh3(S)-hydroxy-6^ amide, 
S(SH(1.1 -Dimethyl trK>xy<*rtx>nyl)amino}-4<S)-hya^^ thyl)hexan yl-N-{4- 
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dimethy{amrnopfopyl)-lle-amide, 

5(SH(1 >Dim thytethoxycarbonyl)amrnoH(S)-hydroxy-6-phenyl-2(RH4 -phenyl-phenylmethyl)leucine- 
phenylalanine amide, 

5(S)-[<1 ,1-Dimethylethoxycarbonyl^ valine amide, 

5(SH(1 . 1 -DimethylettoxycarbonylJaminoJ^Shhydro^ u-Phe- 
benzyl-ester, * 
5(SH(1.1*D«methylethoxycarbonyl)aininoH{S)-hydro^ 
N-benzyl amide, 

5(SH0 . 1 -Dimethyiethoxycarbonyl)amino]-4(S>-hydroxy-6-(2-naphthy l)-2(R)-{phenylmethyl)hexanoyl-Leu-Phe 
amide, 

5<SH(1.1-Einethytethoxycart»^ 

5(S)-[(1 . 1 -Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6-pheny l-2(R)-{pheny Imethy l)hexanoyl-N-(2- 
dimethylamino ethyl)-lle amide. 

5(SH(1 , 1 -Dimethy lethoxycarbony l)aminoH(S)-hydroxy-6-phenyl-2(RHpheny lmethyl)hexanoyl-N-(2- 
pyridylmethyl)fle amide, 
5(S)-[(i .1-Dimethylethoxycar^^ 
benzylamide, 

5{SH0.1-D'memylethoxycarbonyl)amino 
amide, 

N^Methyl-5-aminch5^eoxy-2,3.0-isopro^ 
hydroxy-6-phenyl-2(R)(phenylmethyl>-hexanoyi lie amide. 

5(SH(1 . 1 -Dimethylethoxycarbony l)amino]-4(S)-hydroxy-6-pheny l-2(R)-(phenylmethy l)hexanoyl-S- 
neopentylglycine amide, 

N-<2(S.R)-Hydroxy-1 (R,S)-indany l)-5<S)-(1 ,1 -dimethy lethoxycarbony lamirx)M(S)-hydroxy-6-phenyl-2(R)- 

phenylmethylhexanamide, 

5(SH1 .l^imethylethoxycarbonylamto 

phenylalanine amide, 

5(SM1 .1 -Din>ethylethoxycaitHDnylamto 

dimethylamino propyl)-VaJ amide. 

N-(Methy l-S-amino-S-deoxy-^-D-ribosy l)-5(S>-(1 . 1 -dimethy iethoxycarbonylamino)-4{S)-hydroxy-6-phenyl-2- 

(RHphenylmethyi)hexanoyl-lle amide, 

5(SH(1.1-Dimethytethaxycar^ 

butylglycine-benzylamide, 

5(S)-[(1 , 1 -Dimethylethoxycarbonyl)aminoH^ 

dihydroxy-propylHl© amide, 

5<SH(1.1-Dimethyiemc»cycarb^ 

cyclohexylglycine-amide, 

5(SH(1 .1 imethy letr«^carbonyl)amino]^ yl)hexanoyl-N- 
(3-dimethyl amino propyl) valine amide, t t t 

N'^1,1-Dimethytetrwxycato^ -en-1 -yl>- 

hexanoyl-{S)-phenylglycyK2-hydroxyethyl)amide, 
5(SH1 .1 -Dimethylethoxycartxjnylamin^ 
(phenylmethyl)-vaiine amide, 

N-(cis-2(S,R)Hydroxy-1 (aSHndanyl)-5(SHl .1 ^imethytetrwxycarbony^ 

benzyloxyphenylmethyl)-2(RHphenyimethyl)hexanamide, 

5(SH1 .1 ^imethylethaxycaiton^^ 

(imidazoM-yl)-1 -(hydroxy methyl)-propylHte-amid©. 

4<SH(1 .1 ^methytetrK>xycartx>ny 

amide. 

5(SH(1 ,1^rriethytetrK5>cycartx^ '-yO-hexanoyl - 

(S)-phenylglycine amide. 
5<SH(1 ,1-Dime%tethoxycarto^ 
amide, 

5(SH1 . 1 -Dimethy lethoxycarbony laminoH<S)-hydrwy;^h 
amide, 

N-(2(S or RHiydroxy-1^3.4-tetrarrydro-l(R or SHiaprrthyl)-5(SHl.1^niemylethoxycanbonylamino)^S>" 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide, 

N-{2(R or S>-hydroxy-1 f 2,3,4-tetrahydro-1(S or RHaprmiylh5(SH1.1^methylethoxycart)onylaminoH<Sh 
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hydroxy-6-phenyl-2(R)-phenylrnethyl hexanamide, 

N^cis-2{S,R)-Hydroxy-1(R,SHndanyl)-5(SM^^ 

hydroxyphenyl)-2(R)^henylmethylhexanamide, 

5(SH1 . 1 -Dtmethy lethoxycarbony1)am ^ncHHS)-hydroxy-6i)henyl-2(R>-(phenylmethyl)hexanoyl-N^2 f 3- 
dinydroxypropy!)-Val-amide. 

N-(ds-2(R)-Hydroxy-1(SHnclanyl>^(Sh(1 t 1-cfimethylethoxycartwnyla^ 
phenylmethyl-hexanamide, 

5(S)-{1.1-Dimethylethoxycarbonylamino)-4(S)-hydroxy-3(S or R)-hydroxy-6-phenyl-2(R)-phenylmethyl- 
hexanoyl-leu-Phe-amide, 

5(S)-{1 ,1 *DimethyIethoxycartx)nylamino)^S)4iydroxy'^-plienyl-2(RH3 -phenylprop-2-en-1 '-yf)-hexanoyI-N- 
(2{R f S) t 3-dihydroxypropyl)-phenylglycine amide, 

5(S)-[( 1 , 1 -Oimethy Iethoxycarbonyl)aminoH(S)-hydroxy-6-pheny l-2(R)-(pheny Imethy I)hexanoy i-N-(2- 
benzimidazolyl methyl)lle amide 

5(Sh(1 J-Dimethylethoxycarbonylamino)-4{S)^ydroxy*phenyh2(R)-(phenyimethyl)h 
He amide, 

N^Methyl-5-amino-5KJeoxy-0-E>Hibo^ 

(R)-phenyimethylhexanoyl-VaJ amide. 

N-<Methyl-5-amino-5^eoxy-2 t 3.0Wsoprop^ 

hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyf-Val amide, 

5(SHM-DimethylethoxycartTOnylaminoM(S)^ydrox^ 

methoxyethoxy)ethylpsoleucine amide, * 

5(SH1.1-Dimethyletho>cycarbonytaminoM(S^ 

dihydroxypropyl)-phenylglycine amide, 

[4(S)-(1 ,1-Dimethy!ethoxycarbonyte^ 

amide, 

5(SH0.1-Dimethylethoxycart»nyl>amino^ 
imidazolyOethyf]valine amide, 

N-<cis-2(R}-Hydroxy-1 (S)-indanyl)-5-{SH1 .1 -dimethylethoxycarbony laminoH(S)-hydroxy-6-phenyl-2(RH3'- 
phenylprop-2-en-1 -yl)hexanamide, 

N-(1(R or S). 2(S or R)-Dihydroxy-3(S or RHndanyl)-5(SH1.1^imethytethoxy 
6-pheny!-2(RHphenylmethyl)hexanamide, 

N-{2(R)-Hydroxy-1 (S)-indanyl]-5(SH(1 .l^iimethylethoxycanbonyOaminol^ 
2(R)-<phenylmethyl) hexanamide, 
5(SH(l.1^<methyiethoxycarbonyl)amino^ 
valine amide, 

N-<cis-2<R)-Hydroxy-1 (S)-indanyl>-5(SM(1 .1 ^imethylethoxycan*>nyl)amino)^ 

iodophenyl)methyl)hexanamtde t 

5(SH(1,1-Dime%lethoxycarbonyl)am^ 

piperidiny1)ethyi)valine amide, 

5(SH(1.1-Oimethytethoxycan^nyl)amino]^S)-hydroxy^-pheny^2(^ 

hydroxyethyl)vafine amide, 

5(SH(1 .1 -Dimethylethoxycanbony1)aminoh2(R)^^ 

methoxyethoxy)-ethoxy]ethyl>*soleucine amide, 

5(SH1 .1 -Dimethy1ethoxycartwnyiamino)-2(R>-phenylmethy^ 

cUmethytaminonaphthylsuIfonamido)ethyf$soleudne amide, 

5<SH1 .1 ^imethylethoxycartwny^ 

diethylamino-2(R f S)-hydfoxypropyl)vaiine amide, 

N-(1(R or S). 2(S or R)-dihydroxy-3-<S or RHndanyiK(SH1.1<lime%teto^ 
6-{4 -hydroxyphenyf)-2(RHphenylmethyl)hexanamide. 
N-(ds-2(R)-Hydroxy-1 (SHndanyl>^SH1 J^imethylethoxycart)onytami 
dimethyiaminomethyl^ydroxypte^ 
5(SH(1 .1 -Dimethylethoxycartonyl)amino}^ 
benzimidazoylmethyl)vaGrte amide, 

5(SH(1 .1 ^imethyiethoxycanbonyi)amino}^S)-hydroxy-6-pheny »-2(RHphenyImethylHiexanoy l-N-[2-<3-(1 H- 
imidazoM-yl))-1-hydroxymethylethyilvaIine amide, 

N-(cis-2(R}-Hydroxy-1 <SHndanyi>-5{SH<1 ,1^imethylettoxycan^ny1)aminol^ 
(RMphenylmethyl)hexanamide, ■ 

5(SH(1 ,1-Dimethyieth xycanbonyl)aminoH(S)^ydroxy^phenyi-2(RHphen 
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dimethylarninobenzyl)valine amide. 

5<SH0 .1 -Oimethylethoxycarbo^ xanoyl-N-<2- 
benzimidazolyim thyl)ph nylglycineamide. 

3{H1RH1.1-Oimethylethoxycart»nyiamino)-2.(phenylethyi)phosphinylh2(S or R)-phenylmethyI-N-(2(R)- 
hydroxy-1-indanyl)propanamide. 

5(SH0 ,1 -Dimethyl moxycarbon^)aminoH(S)-hydroxy-6-phenyl-2(R)-(phenylmethyf)h xanoyl-N-(2- 

benzimidazolyl)valine amide, 

N-(2(R)-hydroxy-1(S)-indany!)-5<SH^ 

(phenytmethyl)hexanamide, 

N-{2(R)-hydroxy-1(SHndanyl)-N'-[(1-me 

(phenylmethyl)hexanamide, , , 

5(SH1 ,1-DimethylethoxycarbonyiaminoH(Shhydroxy-6-phenyl-2(RH4 -iodophenylmethyl)hexanoyl-N-3 - 

dimethylaminopropyl)-valine amide, 
N-<benzyl>-5<SM1.1^i™tWethox^ 
valine thiomide, 

N-<1 (R),2(S)-dihydroxy-3(SHndanyl)-N'-<1 .1 <limethylethoxycarbonylamino)-4{Shhydroxy-6-pheny!-2(R)- 
(3phenylprop-2 en-yl)hexanamide, 

N-{4<S)-benzopyranyl}-5<SH1 . 1 -dimethy lethoxycarbonylamino)-4<$)-^ 
hexanamide, 

NK4{R f S)-ben20pyranyl J-5(SH1 .1 -dimethytethoxycarbonylamirK))^S)-hydroxy-6-phenyl-2{R)- 

(phenylmethyl)hexanoyl-valine amide, 

N^altyl-5-amino-5<leoxy^ 

hydroxy-6-phenyl-2(R)-{phenyimethyl)hexanoyl-vaIine amide; 

5(SH<U<tfmethyletho)cycar^ 

methy!arninoethyl)-valine amide, 

N-<ds-14iydroxycyclopent-2-en-3-yl^ 

(phenyimethyl)hexanamide, 

5<SH(1^'rnethytethoxyc^^ 

5-isoxazoloyi-methyl)vafine amide, 

NKds-2(RHiydroxyM(SHndanyl)-^ -4(S)-riydroxy-6-phenyi-2(RHphenylmethyl)- 
hexanamide, 

N-(2-hydroxyethyl)-5(SH1 .1 -dimethylethoxycarbony lamirK))^S)^ydroxy-2(RHphenylmethyl)he)canoyl- 

isoleucyl-amide. 

5<SH1.1^imethyletrK>xyc^ 

phenyi glycine amide, 

N-{cis-2(R or S>-aminocarbonyM (S or RHndarylh5<SH1.1^"»*yteth^ 
phenyh2(RHphenyimethyl)hexanamide, 

N-{2<R)-riydroxy-1 (S)-indanyl)-5(SH(1 ,l-dimethyletho>cycarbCKiyl^ 
(RH4-hydroxyphenyimettiyl)hexanamide, 

N-<cts-2(R or S>-carboxy-l(S or RHraianyl>-5<SMU^»rnethy^^ 

2(RHphenylmethyI)hexanamide, 

|^cis-2(R)-hydro>cy-1(SHn^ 

nitrophenylm.ethyl)hexanamid8, 

5(SHU^methytethoxycarbony^ 

hydroxyethyi)-phenytglycine amide, 

N-(cis-2(R)-hydroxy-1 (S>-mdanyl)-5{SM1 .1 ^imethylemoxy<*rtKXiylami^ 
aminophenylmethylHiexanamide, 

N-<1 .l^imemylettK^carbony^^ " 
morpholino)propyl)}-vaJine amide, 

N-[5-amino-5^eoxy-D-ribosyll-5(SH1 .1 <limethylethoxycartK3nyiamino}^SHiydro)cy-^henyl-2(R)- 
phenylmethyWiexanoyWaline amide, 

hH5-amincH5KJeoxy-2^,(WsopropyHdene-CMibosyl)-5(SH1 .1 -dimethyiethoxycarbonyiaminoH(S)-hydroxy-6- 
phenyl-2(RHplienylmetriyl)hexanoyl-vaJine amide, 
5(SH(1 .l^imetm/iethoxycato 
pyridylmethyl)vaiine amide, 

5(SH(1»1^methylethoxycarbonyl)aminoH<S)-hydr xy-6-phenyl-2(RHphenylmethyl)h xanoyl-N-<2- 
pyridy!methyl)vaiine amide, 

5(SH(1,1-<Jim thylethoxycartwnyl)amir^ xy-6-phenylh xanoyl-N-<2-[2-<2- 
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methoxy thoxy)ethoxy]ethyl)valine amide. 
5(SH(1.1^imemyiemoxycarbonyl)aminoh2^ 
pyridylmethyl)vaiine amide, 

N-{cis-3{S)-hydroxy-4(S)-ben2opyrariyl]5(S)-(1 jKjimethylethoxycarbonylamino)-^S>-hydroxy-6-phenyl-2(R)- 
ph nylmethyl-h xan amide, * 

N-(1 R,2S-dihydroxy-3S-indany l)-5(SM1 ,1 ^imethylemoxy<*rtx)nylamino)-4<S)-hydro 
2(R)-{4 -hydroxyphenyl)methylhexanamide. 

N-<cis-2(R)-hydroxy-1 (SHndanyi)-5(SH1 .1^imethytethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)- 
(phenylthiomethyl)hexanamide, 

Dilithium N-<2-pho$phoryloxyethyl)-5(S)-0 .1 -<Jimethylethoxycarbonylamino)-4(S>-hydroxy-2(R)- 

(phenytmethyl)hexanoyl-isoteucylamide, 

N-(Methyl-5-amino-5-deoxy-(a j8)-D-xy losyl)-5(SH1 .1 -dimethy tethoxycarbonyiamino>-4{S)-hydroxy-6-phenyi- 
2(RHphenytmethyl)hexanoyl-lie amide, 
5(SH(4^yridylmetrx>xycarbonyl)^ 
benzimidazofytmethyO-Ile amide, 

N^cis-2(R)^ydroxy-l (SHndanyl)-5(SH1 .l^imethylethoxycarto 
(1 ,1 -dimethylethyi)phenyimethyl)hexanamide. 
or pharmaceutical^ acceptable salt thereof. 

26. The compounds of Claims 1-25 in combination with any of the antivirals, immunomodulatory, 
antibiotics or vaccines of Table IV. 

27. A pharmaceutical composition comprising the compounds of Claims 1-25 and a pharmaceutical^ 
acceptable carrier. 

28. A pharmaceutical composition comprising the compound in combination according to Claim 26 and 
a pharmaceutical acceptable carrier. 

29. The pharmaceutical composition of Claim 27, for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the .treatment of infection by HIV, or in the inhibition of HIV protease. 

30. The pharmaceutical composition of Claim 28 for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the treatment of infection by HIV, or in the inhibition of HIV protease. 

31. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
treating AIDS. _ 

32. The use of a compound in the combination according to claim 26, for the manufacture of a 
medicament useful for treating AIDS. 

33. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
preventing infection by HIV. 

34. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for preventing infection by HIV. 

35. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for treating infection by HIV. 

36. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for treating infection by HIV. 

37. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for inhibiting HIV protease. 

38. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for inhibiting HIV protease. 
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